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TONER FOR ELECTROSTATIC IMAGE 
DEVELOPMENT, ELECTROSTATIC IMAGE 

DEVELOPER AND IMAGE FORMING 
METHOD USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority under 35 USC 119 from 
Japanese PatentApplication No. 2005-309788, the disclosure 
of Which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a toner for electrostatic 

image development used in forming an image by electropho 
tography, an electrostatic image developer and an image 
forming method using the same. 

2. Description of the Related Art 
In electrophotography, an electrostatic image is formed on 

a photoreceptor through a process of charging and light expo 
sure, the electrostatic latent image is developed by a toner 
containing developer to form a toner image, and this toner 
image is transferred onto a recording medium and ?xed to 
form an image. As the developer used herein, there are tWo 
component developers of a toner and a carrier, and one 
component developers using either a magnetic toner or a 
nonmagnetic toner. Production of the toner generally uses a 
kneading milling process including melting and kneading a 
thermoplastic resin With a pigment, a charge controlling 
agent, and a releasing agent such as Wax, then cooling the 
mixture, pulveriZing it and further siZe classifying the par 
ticles. 

With respect to the toner produced by the conventional 
kneading milling process, the shape of the toner particle is 
inde?nite, and the surface structure of the toner particle is 
changed subtly depending on the pulveriZability of the mate 
rials used and conditions in the milling process, thus making 
it dif?cult to systematically regulate the shape and surface 
structure of the toner particles. 
On the other hand, recently a method of producing a toner 

by Wet processes is proposed as a means capable of system 
atically regulating the shape and surface structure of the toner. 
Among Wet processes, there are Wet globulariZation methods 
capable of shape regulation, suspension particle formation 
methods capable of regulating the surface composition, sus 
pension polymerization methods capable of regulating an 
internal composition, and emulsion polymerization aggrega 
tion methods. 
As demand for energy saving is increased, there is need for 

energy saving in the ?xation process that uses a certain 
amount of electric poWer in a copier, and for reducing the 
?xation temperature of toner in order to enlarge the ?xation 
region. Reduction in the ?xation temperature of a toner 
enables reduction in Waiting time until the ?xation tempera 
ture of the surface of a ?xation roll is reached after inputting 
electric poWer to a copier etc., that is, reduction in Warm-up 
time, as Well as long life of a ?xation roll, in addition to the 
energy saving and enlargement of ?xation region. 

Reduction in the ?xation temperature of a toner brings 
about reduction in the glass transition point of the toner caus 
ing a problem of deterioration in the storage stability of the 
toner, and thus it is dif?cult to get a reduction in the ?xation 
temperature together With storage stability of the toner. To 
satisfy both loW-temperature ?xability and toner storage sta 
bility, the toner should have “sharp” melting properties, by 
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2 
Which the glass transition point of the toner remains at a high 
temperature While the viscosity of the toner rapidly reduces at 
the high-temperature region. 

HoWever, the glass transition point and molecular Weight 
of resin used in toners usually have a certain range of varia 
tion, and to attain sharp melting properties, the composition 
and molecular Weight of resin need to be closely regulated. 
For obtaining such a resin, since the molecular Weight of the 
resin needs to be regulated by using a special process or by 
subjecting the resin to chromatography, is signi?cantly 
increases the production cost of the resin, and in such pro 
cesses unrequired resin is formed as a byproduct. That is not 
preferable from an environmental vieWpoint. 
As a method of reducing the ?xation temperature of the 

toner, use of crystalline resin as binder resin is proposed (see, 
for example, Japanese Patent Application Laid-Open (JP-A) 
No. 62-129867, JP-A No. 62-170971, JP-A No. 62-170972, 
JP-A No. 62-205365, JP-A No. 62-276565, JP-A No. 
62-276566, JP-A No. 63-038949, JP-A No. 63-038950, JP-A 
No. 63-038951, JP-A No. 63-038952, JP-A No. 63-038953, 
JP-A No. 63-038954, JP-A No. 63-038955, JP-A No. 
63-038956, JP-A No. 05-001217, JP-A No. 06-148936, JP-A 
No. 06-194874, JP-A No. 05-005056 and JP-A No. 
05- 1 127 1 5). 

These methods can reduce the ?xation temperature, but the 
viscosity of resin changes signi?cantly With changes in tem 
perature, so during production of a toner, for example during 
kneading, su?icient viscosity cannot be obtained, and the 
dispersibility of a colorant, a releasing agent etc. in the resin 
is not stable, thus easily generating a toner that gives rise to 
uneven coloration and ?xation. When a toner is produced by 
using the kneading milling method, the kneaded material 
becomes dif?cult to mill, so there arises a problem of dif? 
culty in obtaining a toner of small diameter. To solve this 
problem, there is a method of adding auxiliary agents such as 
a thickening agent or milling auxiliary agents, but these aux 
iliary agents are not preferable because they are dispersed in 
the resin and break-up the crystallinity of the binder resin. 
From this vieWpoint, techniques of producing toner par 

ticles by Wet processes not requiring excessive temperature or 
kneading energy are being extensively studied. 

HoWever, achievement of sharp melting properties by 
means of the molecular Weight, distribution of molecular 
Weights and melt viscosity of binder resin, and the amount of 
crystalline resin included results in a deterioration of resin 
strength. This may lead to a drop in toner strength and a drop 
in image strength, and it is not easy to satisfy plural charac 
teristics simultaneously. 

In particular, the addition of crystalline resin reduces the 
ability to enclose a releasing agent etc. in the binder resin, and 
can also deteriorate the stability of production of particles 
With respect to regulation of particle siZe and particle shape, 
thus exerting an in?uence on various aspects in addition to 
qualities of the toner. 
On the other hand, recently, in order to give Waste free 

toner, an image forming method using a cleaner-less, toner 
recycle system has been proposed. Especially With toner used 
in an image forming method using a toner recycle system 
uniform particle strength, particle siZe and shape is required. 
HoWever, these characteristics are often obstacles to achieve 
ment of sharp melting properties. 

Furthermore, in recent years, long-life xerography equip 
ment is desired When considering the environmental impact. 
In particular, for achieving a longer life of a photoreceptor, a 
photoreceptor using a very hard material such as amorphous 
silicon and a photoreceptor having a protective layer having a 
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3-dimensional crosslinked structure on the outermost surface 
thereof are gradually becoming used. 

Generally, the surface of such photoreceptors is di?icult to 
clean so that When a mechanical cleaning means such as a 
cleaning blade is used as a means of cleaning, high pressure 
needs to be applied to the contact region betWeen the cleaning 
means and the photoreceptor. In this case, the pressure 
applied to toner particles passing through the contact region 
tends to be increased, and thus high-strength toner particles 
are required, particularly in a toner recycle system. 

However, When crystalline resin is used as binder resin, 
because the tonerparticles become soft, they have insu?icient 
strength against high pressure, and are dif?cult to utilize in a 
toner recycle system, and external additives can be embedded 
in the surface of the toner When used for a long time, causing 
a deterioration in the ?uidity of the toner. 

In toners using a combination of non-crystalline resins and 
crystalline resins as binder resin, in order to compensate for 
such a deterioration in durability (strength), because the dis 
persibility of a releasing agent in the toner particles and the 
compatibility betWeen the non-crystalline resin and the 
releasing agent are inferior, and the releasing agent is exposed 
at the surface of the toner Which deteriorates the storage 
stability and charging stability. 

For the purpose of achieving both loW-temperature ?xabil 
ity and toner durability, a toner containing crystalline poly 
ester resin and a releasing agent, Wherein the dispersion struc 
ture/surface-exposed state of the releasing agent are 
regulated, is proposed as an attempt at regulating the dispers 
ibility of the releasing agent and the crystalline resin in the 
toner. 

Speci?c examples include a toner containing a releasing 
agent in a layer other than the outermost layer thereof, Which 
is produced by multistage polymerization (see JP-A No. 
2002-49180), a toner comprising crystalline polyester and 
non-crystalline polyester as binder resin, Wherein the crystal 
line polyester makes use of block polyester obtained by copo 
lymerizing a non-crystalline block constituting the non-crys 
talline polyester With a crystalline block (see JP-A No. 2005 
62510), and a toner prepared by utilizing a masterbatch (see 
JP-A No. 2004-264331). 

However, these toners are not so practical because both 
their production method is limited to a speci?c process and it 
is complicated. Further, When the amount of crystalline resin 
and releasing agent contained in the toner is increased to 
improve loW-temperature ?xability or releasability, there 
arises a problem of dif?culty in regulation of the dispersibility 
of the releasing agent. 
As described above, loW-temperature ?xability and the 

dispersibility and compatibility in binder resin and durability 
(strength) of a releasing agent contained in a toner are dif?cult 
to conventionally satisfy at the same time. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
circumstances and provides a toner for electrostatic image 
development, Which is capable of ?xation at loW temperature 
and is excellent in the dispersibility and compatibility in 
binder resin and strength of a releasing agent contained in a 
toner, as Well as an electrostatic image developer and an 
image forming method using the same. 
A ?rst aspect of the invention is a toner for electrostatic 

image development, comprising a crystalline ester compound 
synthesized by polymerizing a carboxylic acid component 
With an alcohol component, a non-crystalline resin, a colorant 
and a releasing agent, Wherein the Weight-average molecular 
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4 
Weight of the crystalline ester compound is about 5000 or 
less, and the number of carbon atoms in at least one compo 
nent selected from the carboxylic acid component and the 
alcohol component is 10 or more. 
A second aspect of the invention is an electrostatic image 

developer comprising a toner containing a crystalline ester 
compound synthesized by polymerizing a carboxylic acid 
component With an alcohol component, a non-crystalline 
resin, a colorant and a releasing agent, Wherein the Weight 
average molecular Weight of the crystalline ester compound is 
about 5000 or less, and the number of carbon atoms in at least 
one component selected from the carboxylic acid component 
and the alcohol component is 10 or more. 
A third aspect of the invention is an image forming method 

comprising: forming an electrostatic latent image on the sur 
face of a latent image carrier, developing the electrostatic 
latent image With a toner-containing developer to form a toner 
image, transferring the toner image onto a recording medium, 
and ?xing the toner image on the recording medium, Wherein 
the toner comprises a crystalline ester compound synthesized 
by polymerizing a carboxylic acid component With an alcohol 
component, a non-crystalline resin, a colorant and a releasing 
agent, the Weight-average molecular Weight of the crystalline 
ester compound is about 5000 or less, and the number of 
carbon atoms in at least one component selected from the 
carboxylic acid component and the alcohol component is 10 
or more. 

DETAILED DESCRIPTION OF THE INVENTION 

The toner for electrostatic image development according to 
the present invention (hereinafter, referred to sometimes as 
simply “toner”) comprises a crystalline ester compound syn 
thesized by polymerizing a carboxylic acid component With 
an alcohol component, a non-crystalline resin, a colorant and 
a releasing agent, Wherein the Weight-average molecular 
Weight of the crystalline ester compound is about 5000 or 
less, and the number of carbon atoms in at least one compo 
nent selected from the carboxylic acid component and the 
alcohol component is 10 or more, provided that the number of 
carbon atoms in the carboxylic acid component refers to the 
number of carbon atoms excluding carbon atoms constituting 
a carboxyl group. 

Accordingly, the toner of the invention can be ?xed at loW 
temperature and is excellent in the dispersibility and compat 
ibility in binder resin and high strength of the releasing agent 
contained in the toner. 
The toner of the invention comprises, in addition to a 

non-crystalline resin as binder resin, a crystalline ester com 
pound (hereinafter, referred to sometimes as simply “crystal 
line ester compound”) Which is synthesized by polymerizing 
a carboxylic acid component With an alcohol component and 
is a loW-molecular crystalline resin or loW-molecular oligo 
mer having a Weight-average molecular Weight of about 5000 
or less, Wherein the number of carbon atoms in at least one 
component selected from the carboxylic acid component and 
the alcohol component is 10 or more. 

This crystalline ester compound, similar to crystalline 
polyester resin used as binder resin for conventional toner, has 
a role in loWering the ?xation temperature of the toner, and 
thus, the toner of the invention can be ?xed at loW tempera 
ture. 

Although the Weight-average molecular Weight of the crys 
talline polyester resin conventionally used as binder resin is 
usually 20000 or more, the Weight-average molecular Weight 
of the crystalline ester compound used in the invention is 
about 5000 or less. Because the crystalline ester compound 
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has loW molecular size, it is excellent in permeation and 
compatibility With other components in the toner. That is, the 
dispersibility/ compatibility, in binder resin, of a hydrophobic 
releasing agent Which is poor in compatibility With non 
crystalline resin that is a binder resin component essential for 
securing the strength of toner particles can be improved to 
suppress the exposure of the releasing agent to the surface of 
the toner. Accordingly, the deterioration in charging proper 
ties and storage ability attributable to exposure of the releas 
ing agent to the surface of the toner can be prevented. Even if 
crystalline resin that is inferior to non-crystalline resin in 
compatibility as binder resin is simultaneously used, the dis 
persibility/compatibility of the crystalline resin With the non 
crystalline resin can be improved, and thus the charging prop 
erties and storage ability attributable to the exposure of the 
crystalline resin to the surface of the toner can be prevented. 
When the Weight-average molecular Weight of the crystal 

line ester compound is higher than 5000, the crystalline ester 
compound tends to be unevenly present Without uniform dis 
persion in the non-crystalline resin, and the dispersibility/ 
compatibility of components such as a releasing agent inher 
ently lack in compatibility With the non-crystalline resin 
cannot be secured. Accordingly, the Weight-average molecu 
lar Weight of the crystalline ester compound is preferably 
4000 or less, more preferably 3000 or less. 
When the Weight-average molecular Weight of the crystal 

line ester compound is too loW, hydrophilic functional groups 
are increased at the ends of the resin molecules and the acid 
value is increased, so in a process of particle forming particu 
larly in an aqueous system, the ability to enclose the releasing 
agent in the toner easily becomes dif?cult to cause problems 
such as reduction in charging properties, etc. Accordingly, the 
Weight-average molecular Weight of the crystalline ester 
compound is preferably 1000 or more. 

The number of carbon atoms in at least one component 
selected from the carboxylic acid component and the alcohol 
component, Which constitute the crystalline ester compound 
is required to be 10 or more. This is necessary for increasing 
the electric resistance of the crystalline ester compound and 
for satisfying, suitable compatibility With the non-crystalline 
resin While maintaining the melting point in a suitable range. 
When the number of carbon atoms in each of the carboxylic 
acid component and alcohol component is less than 10, the 
electric resistance is decreased and the melting point is also 
decreased, and thus charging properties and storage ability 
are deteriorated. 

The structure of a main-chain moiety of the carboxylic acid 
component and/ or alcohol component used in synthesis of the 
crystalline ester compound is not particularly limited, and 
may be a linear structure, a branched structure or a structure 

containing an aromatic group. 
In the branched structure, hoWever, the ?exibility of a 

molecular chain of the crystalline ester compound may be 
deteriorated, and components such as the releasing agent 
become poor in dispersibility/compatibility With the non 
crystalline resin. 

In the structure containing an aromatic group, the crystal 
line ester compound may function as a plasticiZer made of an 
aromatic ester. 
On the other hand, When the plasticiZer described above is 

added to the toner, there is the case Where 1) reduction in toner 
strength due to reduction in the elastic modulus of the toner 
and 2) reduction in the glass transition point of the non 
crystalline resin used as binder resin give rise to reduction in 
the viscosity of the non-crystalline resin at a temperature 
region for storing the toner, and the releasing agent dispersed 
in the toner is ?uidized during storage to form a large domain 
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and is easily exposed to the surface of the toner to cause 
deterioration in charging properties. 

Accordingly, a main-chain moiety of at least one of the 
carboxylic acid component and alcohol component used in 
synthesis of the crystalline ester compound is preferably a 
linear chain structure, and the main-chain moiety of both the 
components more preferably contains a linear chain struc 
ture. 

When the main-chain moiety of either component contains 
a linear chain structure, the number of carbon atoms in the 
linear chain structure is required to be 10 or more, and When 
the main chain moiety of both the components contains a 
linear chain structure, the number of carbon atoms in the 
main-chain moiety (linear chain structure) of at least one 
component is required to be 10 or more. 

A long linear chain structure is thereby contained in the 
main-chain moiety of the crystalline ester compound to fur 
ther increase the ?exibility of the molecular chain thereby 
further improving the dispersibility and compatibility of 
components such as the releasing agent With the non-crystal 
line resin. 

When the number of carbon atoms is less than 10, the 
crystalline ester compound molecule becomes poor in ?ex 
ibility, thus failing to su?iciently improve the dispersibility 
and compatibility of components such as the releasing agent 
With the non-crystalline resin and causing deterioration in 
charging properties and storage ability. From this vieWpoint, 
the number of carbon atoms is more preferably 12 or more, 
further more preferably 14 or more. From practical vieW 
points such as the availability of starting monomer material 
used in synthesis, the number of carbon atoms is preferably 
16 or less. 

The linear chain structure may be either a saturated ali 
phatic group (that is, an alkylene group) or an unsaturated 
aliphatic group, but in respect of improvement in the crystal 
linity of the crystalline ester compound, the linear chain struc 
ture is most preferably an alkylene group. For attaining high 
crystallinity, the number of carbon atoms in the alkylene 
group is preferably 10 or more. 

When the main-chain moiety of the carboxylic acid com 
ponent and/or alcohol component used in synthesis of the 
crystalline ester compound is a group of very loW polarity 
such as an alkylene group, the toner of the invention, even if 
repeatedly subjected to heating and cooling, is dif?cult to 
change the phase state before and after heating and cooling. 
Accordingly, even if the toner is formed into an image 
through a heating and cooling process at the time of ?xation, 
the same phase state as in the toner before ?xation is main 
tained. Accordingly, reduction in gloss of an image attribut 
able to phase separation of components in the toner after 
?xation, and reduction in transparency of OHP sheet used, 
can be easily depressed. 

Preferably, the melting point of the toner of the invention is 
in the range of 50 to 90° C., and simultaneously satis?es the 
folloWing equation (1): 

0.9§Y/X§1.0 (1) 

Wherein X represents the heat quantity (J/ g) of the maximum 
endothermic peak of the toner after production (toner in an 
initial stage not subjected to any heat treatment after produc 
tion), measured under heating from room temperature to 1 50° 
C. at an increasing temperature rate of 10° C./min. by a 
differential scanning calorimeter, and Y represents the heat 
quantity (J / g) of the maximum endothermic peak of the toner 
after making the measurement of the heat quantity X, mea 
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sured under heating from 0° C. to 150° C. at an increasing 
temperature rate of 10° C./min. by a differential scanning 
calorimeter. 

The melting point and maximum endothermic peak are 
measured according to ASTMD3418-8 by using a differential 
scanning calorimeter (DSC60A manufactured by ShimadZu 
Corporation). The melting points of indium and Zinc are used 
in temperature correction in a detection part of the apparatus, 
and the heat of fusion of indium is used in correction of heat 
quantity. With an empty pan set for comparison, a sample is 
placed on an aluminum pan and measured at an increasing 
temperature rate of 10° C./min. as described above. The heat 
quantities X andY in the maximum endothermic peak can be 
determined by converting, into heat quantity, the area of the 
maximum endothermic peak (area surrounded by the base 
line and a curve of the endothermic peak) in a chart obtained 
by measurement. 

In the invention, the melting point and the heat quantities X 
and Y of the maximum endothermic peak are attributable to 
the crystalline ester compound contained in the toner, and 
When the melting point is out of the range of 50 to 90° C., the 
toner may be deteriorated in storage ability or may be hardly 
?xed at loW temperature. When the formula (1) is not satis?ed 
even if the toner has a melting point in the range of 50 to 90° 
C. so as to satisfy storage ability and ?xation at loW tempera 
ture, the toner of the invention, When subjected repeatedly to 
heating and cooling, changes the phase state signi?cantly 
before and after heating and cooling, so reduction in the gloss 
of an image attributable to phase separation of components in 
the toner after ?xation, or reduction in transparency of OHP 
sheet used, may occur. The Y/X value in the formula (1) is 
more preferably in the range of 0.95 to 1.0. 

The average dispersion diameter of the releasing agent 
dispersed and contained in the toner of the invention is pref 
erably in the range of 0.3 to 0.8 pm, more preferably in the 
range of 0.4 to 0.8 pm. 

When the average dispersion diameter of the releasing 
agent is less than 0.3 pm, the releasability may be inferior, and 
this tendency occurs more easily particularly When the pro 
cess speed is high. When the average dispersion diameter is 
greater than 0.8 pm, reduction in the transparency of OHP 
sheet used, and exposure of the releasing agent component to 
the surface of the toner, may signi?cantly occur. 

The standard derivation of the dispersion diameter of the 
releasing agent is preferably 0.05 or less, more preferably 
0.04 or less. When the standard derivation of the dispersion 
diameter of the releasing agent is greater than 0.05, the releas 
ability, the transparency of OHP sheet used and the exposure 
of the releasing agent component to the surface of the toner 
may be adversely in?uenced. 

The average dispersion diameter of the releasing agent 
dispersed and contained in the toner is determined by analyZ 
ing a TEM (transmission electron microscope) photograph 
With an image analyZer (LuZex image analyZer, manufactured 
by Nireko Co., Ltd.) and calculating the mean dispersion 
diameter (:(major axis+minor axis)/2) of the releasing agent 
in 100 toner particles, and on the basis of the individual 
dispersion diameters thus obtained, the standard derivation is 
determined. 

The degree of exposure of the releasing agent to the surface 
of the toner is preferably in the range of 5 to 12 atom %, more 
preferably 6 to 11 atom %. When the degree of exposure is 
less than 5 atm %, the ?xability is deteriorated at the high 
temperature side particularly in a system used at high speed, 
While When the degree of exposure is higher than 12 atm %, 
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8 
the developability and transferability may be loWered in use 
for a long time because of maldistribution and embedding of 
the external agent. 
The degree of exposure is determined by XPS (X ray 

photoelectron spectroscopy) measurement. As the XPS mea 
suring instrument, JPS-900MX manufactured by J EOL With 
MgKot ray as an X-ray source at an accelerating voltage of 10 
kV and an emission current of 30 mA. By a method of peak 
separation of C15 spectrum, the amount of the releasing agent 
on the surface of the toner is quanti?ed. In the peak separation 
method, the measured C15 spectrum is separated into the 
components by curve ?tting With the method of least squares. 
As spectra of the components on Which the separation is 
based, C15 spectra obtained by measuring each component, 
that is, the releasing agent, binder resin and crystalline ester 
compound used in preparing the toner are used. That is, the 
degree of exposure is de?ned as the proportion of the percent 
age of carbon atoms of releasing agent derived form 1s orbits, 
compared to the total number of carbon atoms derived from 
1s orbits. 

Then, the method of producing the toner of the invention, 
constituent materials etc. are described in more detail. 

The toner of the invention can be produced through a 
conventional toner production method, but is preferably pro 
duced by so-called Wet process, that is, through a process of 
forming colored resin particles containing a crystalline ester 
compound, non-crystalline resin, a colorant and a releasing 
agent in Water, an organic solvent or a mixed solvent thereof, 
and a process of Washing and drying the colored resin par 
ticles. 

Such Wet process includes, but is not limited to, a suspen 
sion polymerization method that involves suspending a crys 
talline ester compound, a colorant, a releasing agent and a 
component used if necessary, together With a polymeriZable 
unit forming binder resin such as non-crystalline resin, to 
polymeriZe the polymeriZable unit, a solution suspension 
method that involves dissolving toner constituent materials 
such as a crystalline ester compound, non-crystalline resin, a 
colorant and a releasing agent in an organic solvent, dispers 
ing the mixture in a suspended state in an aqueous solvent, 
and then removing the organic solvent, and an emulsion poly 
meriZation aggregation method that involves preparing 
binder resin components such as a crystalline ester compound 
and non-crystalline resin to hetero-aggregate them With a 
dispersion of a pigment, a releasing agent etc. and then fusing 
them. Among these methods, the emulsion polymerization 
aggregation method is most suitable because of excellent 
toner particle diameter regulation, narroW particle siZe distri 
bution, shape regulation, narroW shape distribution, internal 
dispersion regulation, etc. 
When the emulsion polymeriZation aggregation method is 

used, the toner of the invention is produced at least through a 
process of forming aggregated particles in a starting disper 
sion comprising a mixture of a crystalline ester compound 
dispersion having the crystalline ester compound dispersed 
therein, a non-crystalline resin particle dispersion having the 
non-crystalline resin dispersed therein, a colorant dispersion 
having the colorant dispersed therein and a releasing agent 
dispersion having the releasing agent dispersed therein, and a 
process of fusing the aggregated particles by heating the 
starting dispersion having the aggregated particles formed 
therein, to a temperature not loWer than the glass transition 
temperature of the non-crystalline resin. Other dispersions 
such as an inorganic particle dispersion and a crystalline resin 
particle dispersion having crystalline resin dispersed therein 
may be added if necessary to the starting dispersion. 
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The materials constituting the toner of the invention 
include a crystalline ester compound, non-crystalline resin, a 
colorant and a releasing agent, and if necessary crystalline 
resin can also be used in a small amount. 

The “crystalline resin” in the invention means crystalline 
resin Which though its repeating unit may be the same as or 
different from that of the “crystalline ester compound”, has a 
Weight-average molecular Weight of greater than 5000, and 
usually means crystalline resin having a Weight-average 
molecular Weight of 10000 or more. 

-crystalline Resin 
The crystalline resin can give further excellent loW-tem 

perature ?xability because it has a melting point thus signi? 
cantly reducing viscosity at the speci?c temperature, and 
upon heating of the toner at the time of ?xation, can reduce the 
difference betWeen the temperature upon initiation of thermal 
activity of crystalline resin molecules and the temperature at 
Which ?xation is feasible. The content of the crystalline resin 
in the toner is preferably in the range of 1 to 10%, more 
preferably 2 to 8%. 

Preferably the crystalline resin used in the invention has a 
melting point in the range of 45 to 110° C. to secure loW 
temperature ?xability and the storage stability of the toner. 
When the melting point is loWer than 45° C., storage of the 
toner is dif?cult, While When the melting point is higher than 
110° C., the effect of loW-temperature ?xability cannot be 
enjoyed. The melting point of the crystalline resin is prefer 
ably in the range of 50 to 1000 C., more preferably in the range 
of 55 to 90° C. The melting point of the resin is determined by 
a method shoWn in HS K-7121 :87, the disclosure ofWhich is 
incorporated herein by reference. 

The type of the crystalline resin used as binder resin in the 
invention is not particularly limited insofar as it has a melting 
point in the range of 45 to 110° C. The melting point of the 
crystalline resin is preferably in the range of 50 to 100° C., 
more preferably in the range of 55 to 90° C. Preferably the 
toner containing the binder resin in the invention makes use of 
crystalline resin having a region in Which the storage elastic 
modulus G' and loss elastic modulus G" are changed by 2 
orders of magnitude or more for at least one difference in 
temperature range of 10° C. in the temperature range of 45 to 
1 10° C. The toner containing the binder resin in the invention 
makes use of crystalline resin having a region in Which the 
storage elastic modulus G' and loss elastic modulus G" are 
changed by 2 orders of magnitude or more for at least one 
difference in temperature range of 10° C. preferably in the 
temperature range of 60 to 90° C. 

The number-average molecular Weight (Mn) of the crys 
talline resin is preferably 2000 or more, and is more prefer 
ably 4000 or more. When the number-average molecular 
Weight (Mn) is less than 1500, the toner may penetrate into 
the surface of a recording medium such as paper, thus causing 
uneven ?xation at the time of ?xation or reducing the resis 
tance of a ?xed image to bending. 

The crystalline resin used in the invention is not particu 
larly limited insofar as it is a resin having crystallinity and a 
Weight-average molecular Weight of 5000 or more, and spe 
ci?c examples thereof include crystalline polyester resin, 
crystalline vinyl resin etc., among them, the crystalline poly 
ester resin is preferable from the vieWpoints of charging prop 
erties and adhesion to paper at the time of ?xation and regu 
lation of the melting point in the preferable range. The 
crystalline resin is more preferably aliphatic crystalline poly 
ester resin having a suitable melting point. 

Speci?c examples of the crystalline vinyl resin include 
vinyl resins using long-chain alkyl or alkenyl(meth)acrylates 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
such as amyl(meth)acrylate, hexyl(meth)acrylate, heptyl 
(meth)acrylate, octyl(meth)acrylate, nonyl(meth)acrylate, 
decyl(meth)acrylate, undecyl(meth)acrylate, tridecyl(meth) 
acrylate, myristyl(meth)acrylate, cetyl(meth)acrylate, stearyl 
(meth)acrylate, oleyl(meth)acrylate and behenyl(meth)acry 
late. In the speci?cation, the term “(meth)acryl” refers to both 
“acryl” and “methacryl”. 
The crystalline polyester resin is synthesiZed from a car 

boxylic acid (dicarboxylic acid) component and an alcohol 
(diol) component. Hereinafter, the carboxylic acid compo 
nent and the alcohol component are described in more detail. 
The crystalline polyester resin in the invention also includes a 
copolymer produced by copolymeriZing a crystalline polyes 
ter resin With another component in an amount of 50 Wt % or 
less based on the main chain of the crystalline polyester resin. 

-Carboxylic Acid Component 
The carboxylic acid component is preferably an aliphatic 

dicarboxylic acid, particularly preferably a linear carboxylic 
acid, and examples thereof include, but are not limited to, 
oxalic acid, malonic acid, succinic acid, glutaric acid, adipic 
acid, pimelic acid, suberic acid, aZelaic acid, sebacic acid, 
1,9-nonanedicarboxylic acid, 1,10-decanedicarboxylic acid, 
1,1 1-undecanedicarboxylic acid, 1,12-dodecanedicarboxylic 
acid, 1,13-tridecanedicarboxylic acid, 1,14-tetradecanedicar 
boxylic acid, 1,16-hexadecanedicarboxylic acid and 1,18 
octadecanedicarboxylic acid, and loWer alkyl esters and acid 
anhydrides thereof. 
The carboxylic acid component preferably includes com 

ponents such as a dicarboxylic acid component having a 
double bond and a dicarboxylic acid component having a 
sulfonic acid group, besides the above-mentioned aliphatic 
dicarboxylic acid component. The dicarboxylic acid compo 
nent having a double bond includes not only components 
derived from dicarboxylic acids having double bonds but also 
components derived from loWer alkyl esters or acid anhy 
drides of dicarboxylic acids having double bonds. The dicar 
boxylic acid component having a sulfonic acid group 
includes not only components derived from dicarboxylic 
acids having sulfonic acid groups but also components 
derived from loWer alkyl esters or acid anhydrides of dicar 
boxylic acids having sulfonic acid groups. 
The dicarboxylic acid having a double bond can be used 

preferably in crosslinking the entire resin by utiliZing double 
bonds therein for preventing hot offset upon ?xation. 
Examples of the dicarboxylic acid include, but are not limited 
to, fumaric acid, maleic acid, 3-hexenedioic acid and 
3-octenedioic acid, and loWer alkyl esters and acid anhy 
drides thereof. Among them, fumaric acid, maleic acid etc. 
are preferable from the vieWpoint of costs. 

The dicarboxylic acid having a sulfonic acid group is effec 
tive in improving dispersion of a colorant such as a pigment or 
the like. When the entire resin is emulsi?ed or suspended in 
Water to form particles, presence of the sulfonic group 
enables the emulsi?cation or suspension of the resins Without 
a surfactant as Will be described hereinafter. Examples of the 
dicarboxylic acid having a sulfonic acid group include, but 
are not limited to, sodium 2-sulfoterephthalate, sodium 5-sul 
foisophthalate and sodium sulfosuccinate, and loWer alkyl 
esters and acid anhydrides thereof. Among them, sodium 
5-sulfoisophthalate or the like is preferable from the vieW 
point of costs. 
The content of the carboxylic acid component other than 

the aliphatic dicarboxylic acid component in the carboxylic 
acid component (the dicarboxylic acid component having a 
double bond and/or the dicarboxylic acid component having 
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a sulfonic acid group) is preferably 1 to 20% by constitutional 
mole, more preferably 2 to 10% by constitutional mole. 
When the content is less than 1% by constitutional mole, 

the dispersibility of a pigment in the toner may be insuf?cient. 
When the toner is prepared by the emulsion polymerization 
aggregation method, the diameter of the emulsi?ed particle in 
the dispersion increases, and regulation of the toner diameter 
by aggregation may become dif?cult. 
On the other hand, When the content is greater than 20% by 

constitutional mole, the crystallinity of the crystalline poly 
ester resin may be loWered, the melting point decreases, and 
the storability of an image may be deteriorated. 
When the toner is prepared by the emulsion polymerization 

aggregation method, the diameter of the emulsi?ed particle in 
the dispersion is too small to form latex by dissolving the 
particle in Water. In the invention, the “% by constitutional 
mole” refers to percentage Where the amount of each compo 
nent (carboxylic acid component, alcohol component) in the 
polyester resin is 1 unit (mol). 

-Alcohol Component 
The alcohol component is preferably an aliphatic diol, and 

examples thereof include, but are not limited to, ethylene 
glycol, 1,3-propane diol, 1,4-butane diol, 1,5-pentane diol, 
1,6-hexane diol, 1,7-heptane diol, 1,8-octane diol, 1,9 
nonane diol, 1,10-decane diol, 1,11-undecane diol, 1,12 
dodecane diol, 1,13-tridecane diol, 1,14-tetradecane diol, 
1,18-octadecane diol and 1,20-eicosane diol, and the like. 
The alcohol component contains preferably 80% by con 

stitutional mole or more of aliphatic diol component and 
other components if necessary. The alcohol component con 
tains more preferably 90% by constitutional mole or more of 
the aliphatic diol component. 
When the content is less than 80% by constitutional mole, 

the crystallinity of the polyester resin decreases, the melting 
point is loWered, and thus toner blocking properties, image 
storability, and loW-temperature ?xability may be deterio 
rated. The other components contained if necessary include 
components such as a diol component having a double bond 
and a diol component having a sulfonic acid group. 

The diol component having a double bond includes 
2-butene-1,4-diol, 3-butene-1,6-diol, 4-butene-1,8-diol, etc. 
On the other hand, the diol component having a sulfonic acid 
group includes sodium benzene 1,4-dihydroxy-2-sulfonate, 
sodium benzene 1,3-dihydroxymethyl-5-sulfonate, 2-sulfo 
1,4-butanediol sodium salt, etc. 
When these alcohol components (the diol component hav 

ing a double bond and/or the diol component having a sul 
fonic acid group) other than the linear aliphatic diol compo 
nent are added, the content thereof in the alcohol component 
is preferably 1 to 20 mol %, more preferably 2 to 10 mol %. 
When the content is less than 1 mol %, there is the case Where 
the dispersion of a pigment is insuf?cient, the diameter of the 
emulsi?ed particle is increased, and regulation of the toner 
diameter by aggregation becomes dif?cult. On the other hand, 
When the content is greater than 20 mol %, there is the case 
Where the crystallinity of the polyester resin is decreased, the 
melting point is loWered, the storability of an image is dete 
riorated, and the diameter of the emulsi?ed particle is so small 
that the toner may be dissolved in Water, thus failing to form 
latex. 

The method of producing the crystalline polyester resin is 
not particularly limited, and the resin can be produced by a 
general method of polymerizing a polyester by reacting a 
carboxylic acid component With an alcohol component, such 
as a direct polycondensation method or an ester exchange 
method, and a suitable method is selected depending on the 
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type of monomer. The molar ratio of the acid component to 
the alcohol component (acid component/alcohol component) 
to be reacted With each other varies depending on reaction 
conditions etc., and cannot be generalized, but is usually 
about 1/ 1. 

Production of the crystalline polyester resin can be carried 
out at a polymerization temperature of 1 80 to 2300 C., and the 
reaction is carried out in the reaction system if necessary 
under reduced pressure While Water and alcohol generated 
upon condensation are removed. When the monomers are not 
dissolved or compatible With each other at the reaction tem 
perature, a high-boiling solvent may be added as a solubilizer 
to dissolve the monomers. Polycondensation is carried out 
While the solubilizer solvent is distilled aWay. When there is a 
monomer Which is poor in compatibility in copolymerization, 
the monomer Which is poor in compatibility may be previ 
ously condensed With an intended carboxylic acid component 
or alcohol component and then copolymerized With a major 
component. 
A catalyst usable in production of the crystalline polyester 

resin includes alkali metals such as sodium, lithium etc.; 
alkaline earth metals such as magnesium, calcium etc .; metals 
such as zinc, manganese, antimony, titanium, tin, zirconium, 
germanium etc.; and phosphorous acids, phosphoric acids 
and amine compounds, and the like. 

Speci?c examples of the catalyst include sodium acetate, 
sodium carbonate, lithium acetate, calcium acetate, zinc 
stearate, zinc naphthenate, zinc chloride, manganese acetate, 
manganese naphthenate, titanium tetraethoxide, titanium tet 
rapropoxide, titanium tetraisopropoxide, titanium tetrabutox 
ide, antimony trioxide, triphenyl antimony, tributyl antimony, 
tin formate, tin oxalate, tetraphenyl tin, dibutyltin dichloride, 
dibutyltin oxide, diphenyltin oxide, zirconium tetrabutoxide, 
zirconium naphthenate, zirconyl carbonate, zirconyl acetate, 
zirconyl stearate, zirconyl octylate, germanium oxide, triph 
enyl phosphite, tris(2,4-di-t-butylphenyl)phosphite, ethylt 
riphenyl phosphonium bromide, triethylamine, tripheny 
lamine etc. 

For regulating the melting point, molecular Weight etc. of 
the crystalline resin, in addition to the polymerizable mono 
mers described above, compounds having a shorter-chain 
alkyl or alkenyl group, an aromatic ring, etc. can be used. 

Speci?c examples of such compounds include, for the 
dicarboxylic acid, alkyl dicarboxylic acids such as succinic 
acid, malonic acid and oxalic acid, aromatic dicarboxylic 
acids such as phthalic acid, isophthalic acid, terephthalic acid, 
homophthalic acid, 4,4'-bibenzoic acid, 2,6-naphthalene 
dicarboxylic acid and 1,4-naphthalene dicarboxylic acid, and 
nitrogen-containing aromatic dicarboxylic acids such as dipi 
colinic acid, dinicotinic acid, quinolinic acid and 2,3-pyra 
zine dicarboxylic acid; for the diols, short-alkyl diols such as 
succinic acid, malonic acid, acetone dicarboxylic acid and 
diglycolic acid; and for the vinyl polymerizable monomers 
containing the short-chain alkyl group, short-chain alkyl or 
alkenyl(meth)acrylates such as methyl(meth)acrylate, ethyl 
(meth)acrylate, propyl(meth)acrylate and butyl(meth)acry 
late, vinyl nitriles such as acrylonitrile and methacrylonitrile, 
vinyl ethers such as vinyl methyl ether and vinyl isobutyl 
ether, isopropenyl ketones such as vinyl methyl ketone, vinyl 
ethyl ketone and vinyl isopropenyl ketone, and ole?ns such as 
ethylene, propylene, butadiene and isoprene. These polymer 
izable monomers may be used alone or tWo or more thereof 

may be used in combination. 

-crystalline Ester Compound 
The crystalline ester compound can be prepared from a 

carboxylic acid component and an alcohol component in the 
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same manner as for crystalline polyester resin described 
above. However, at least one of the tWo components (mono 
mers) has preferably 10 or more carbon atoms. Further, a 
main chain of at least one of the tWo components (monomers) 
more preferably contains a linear-chain structure (preferably 
linear-chain structure having a C10 or more), and the linear 
chain structure is more preferably an alkylene group. 
As the monomer particularly preferably used in synthesis 

of the crystalline ester compound, therefore, the carboxylic 
acid component includes 1,10-decanedicarboxylic acid, 
1,1 1-undecanedicarboxylic acid, 1,12-dodecanedicarboxylic 
acid, 1,14-tetradecanedicarboxylic acid and 1,16-hexade 
canedicarboxylic acid, and the alcohol component includes 
1,10-decane diol, 1,11-undecane diol, 1,12-dodecane diol 
and 1,14-tetradecane diol, 1,16-hexadecane diol, etc. 

Synthesis of the crystalline ester compound can also be 
conducted in the same manner as for the crystalline polyester 
resin, and for decreasing the Weight-average molecular 
Weight to 5000 or less, the reaction is alloWed to proceed 
mildly by reducing the reaction temperature of the conden 
sation polymerization, shortening the reaction time of the 
condensation polymerization, decreasing the amount of a 
condensation polymerization reaction catalyst, shortening 
the time of depressuriZation upon the condensation polymer 
iZation reaction, increasing the pressure upon the condensa 
tion polymeriZation reaction, etc., Whereby a relatively loW 
molecular ester compound can be synthesiZed. 

-Non-crystalline Resin 
As the non-crystalline resin used in the invention, knoWn 

non-crystalline binder resin for toner can be used, and for 
example, styrene-acryl resin or the like can be used, but 
non-crystalline polyester resin is preferably used. 

The glass transition point of the non-crystalline polyester 
resin used is preferably in the range of 50 to 80° C., more 
preferably in the range of 55 to 65° C. The Weight-average 
molecular Weight is preferably in the range of 8000 to 30000, 
and from the vieWpoint of loW-temperature ?xability and 
mechanical strength, the Weight-average molecular Weight is 
more preferably in the range of 8000 to 16000. From the 
vieWpoint of loW-temperature ?xability and mixability, the 
non-crystalline polyester resin may be copolymeriZed With a 
third component. 

Preferably, the non-crystalline polyester resin has the same 
alcohol component or carboxylic acid component as in the 
crystalline ester compound used in combination thereWith in 
order to improve compatibility. 

The method of producing the non-crystalline polyester 
resin, similar to the method of producing the crystalline poly 
ester resin, is not particularly limited, and the non-crystalline 
polyester resin can be produced by the general polyester 
polymeriZation method described above. 
As the carboxylic acid component used in synthesis of the 

non-crystalline polyester resin, various dicarboxylic acids 
mentioned for the crystalline polyester resin can also be simi 
larly used. 
As the alcohol component, various diols used in synthesis 

of the non-crystalline polyester resin can also be used, and it 
is possible to use bisphenol A, bisphenol A/ethylene oxide 
adduct, bisphenol A/propylene oxide adduct, hydrogenated 
bisphenol A, bisphenol S, bisphenol S/ethylene oxide adduct, 
bisphenol S/propylene oxide adduct, etc, in addition to the 
aliphatic diols mentioned for the crystalline polyester resin. 
From the vieWpoints of toner productivity, heat resistance 

and transparency, bisphenol S and bisphenol S derivatives 
such as bisphenol S/ethylene oxide adduct and bisphenol 
S/propylene oxide adduct are preferably used. The carboxylic 
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acid component or alcohol component may contain plural 
components, and particularly, bisphenol S has an effect of 
improving heat resistance. 

-Crosslinking Treatment of Binder Resin, Etc. 
Crosslinking treatment of the non-crystalline resin used as 

binder resin, crosslinking treatment of the crystalline resin 
used if necessary, and copolymeriZable components usable in 
synthesis of the binder resin, are described in detail. 

For synthesis of the binder resin, other components can be 
copolymeriZed, and compounds having hydrophilic polar 
groups can be used. 

When the binder resin is polyester resin, speci?c examples 
of other components include dicarboxylic acid compounds 
having an aromatic ring substituted directly With a sulfonyl 
group, such as sodium sulfonyl-terephthalate and sodium 
3-sulfonyl isophthalate. 
When the binder resin is vinyl resin, speci?c examples of 

other components include unsaturated fatty carboxylic acids 
such as (meth)acrylic acid and itaconic acid, esters of (meth) 
acrylic acids and alcohols, such as glycerin mono(meth)acry 
late, fatty acid-modi?ed glycidyl(meth)acrylate, Zinc mono 
(meth)acrylate, Zinc di(meth)acrylate, 2-hydroxyethyl(meth) 
acrylate, polyethylene glycol(meth)acrylate and 
polypropylene glycol(meth)acrylate, styrene derivatives hav 
ing a sulfonyl group in the ortho-, meta- or para-position, and 
a sulfonyl group-substituted aromatic vinyl such as sulfonyl 
group-containing vinyl naphthalene and the like. 
A crosslinking agent can be added if necessary to the 

binder resin for the purpose of preventing uneven gloss, 
uneven coloration and hot offset, upon ?xation at a high 
temperature region. 

Speci?c examples of the crosslinking agent include aro 
matic polyvinyl compounds such as divinyl benZene and divi 
nyl naphthalene, polyvinyl esters of aromatic polyvalent car 
boxylic acids such as divinyl phthalate, divinyl isophthalate, 
divinyl terephthalate, divinyl homophthalate, divinyl/trivinyl 
trimesate, divinyl naphthalene dicarboxylate and divinyl 
biphenyl carboxylate, divinyl esters of nitrogen-containing 
aromatic compounds, such as divinyl pyridine dicarboxylate, 
unsaturated heterocyclic compounds such as pyrrole and 
thiophene, vinyl esters of unsaturated heterocyclic carboxylic 
acids, such as vinyl pyromucate, vinyl furan carboxylate, 
vinyl pyrrole-2-carboxylate and vinyl thiophene carboxylate, 
(meth)acrylates of linear polyvalent alcohols, such as butane 
diol methacrylate, hexane diol acrylate, octane diol meth 
acrylate, decane diol acrylate and dodecane diol methacry 
late, branched, substituted polyvalent alcohol (meth)acry 
lates such as neopentyl glycol dimethacrylate, 2-hydroxy-1, 
3 -diacryloxy propane, and polyvalent polyvinyl carboxylates 
such as polyethylene glycol di(meth)acrylate, polypropylene 
polyethylene glycol di(meth)acrylates, divinyl succinate, 
divinyl fumarate, vinyl/divinyl maleate, divinyl diglycolate, 
vinyl/divinyl itaconate, divinyl acetone dicarboxylate, divi 
nyl glutarate, divinyl 3,3'-thiodipropionate, divinyl/trivinyl 
trans-aconate, divinyl adipate, divinyl pimelate, divinyl sub 
erate, divinyl aZelate, divinyl sebacate, dodecane diacid divi 
nyl, divinyl brassylate etc. 

Particularly in the crystalline polyester resin, unsaturated 
polycarboxylic acids such as fumaric acid, maleic acid, ita 
conic acid and trans-aconic acid are copolymeriZed With 
polyester, and then multiple bonds in the resin may be 
crosslinked With one another or other vinyl compounds may 
be crosslinked thereWith. In the invention, the crosslinking 
agents may be used alone or tWo or more thereof may be used 
in combination. 
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The method of crosslinking by the crosslinking agent may 
be a method of crosslinking by polymerizing the polymeriz 
able monomer together With the crosslinking agent to 
crosslink the monomer or a method Wherein after the binder 
resin is polymerized While unsaturated portions are alloWed 
to remain in the binder resin, or after the toner is prepared, the 
unsaturated portions are crosslinked by crosslinking reaction. 
When the binder resin is polyester resin, the polymerizable 

monomer can be polymerized by condensation polymeriza 
tion. As the catalyst for condensation polymerization, a 
knoWn catalyst can be used, and speci?c examples thereof 
include titanium tetrabutoxide, dibutyltin oxide, germanium 
dioxide, antimony trioxide, tin acetate, zinc acetate and tin 
disul?de. When the binder resin is vinyl resin, the polymer 
izable monomer can be polymerized by radical polymeriza 
tion. 

The radical polymerization initiator is not particularly lim 
ited insofar as it is capable of emulsion polymerization. Spe 
ci?c examples of the radical polymerization initiator include 
peroxides such as hydrogen peroxide, acetyl peroxide, cumyl 
peroxide, tert-butyl peroxide, propionyl peroxide, benzoyl 
peroxide, chlorobenzoyl peroxide, dichlorobenzoyl perox 
ide, bromomethyl benzoyl peroxide, lauroyl peroxide, 
ammonium persulfate, sodium persulfate, potassium persul 
fate, peroxy carbonate, diisopropyl tetralin hydroperoxide, 
I -phenyl-2 -methylpropyl- l -hydroperoxide, pertriphenyl 
acetate-tert-butyl hydroperoxide, tert-butyl performate, tert 
butyl peracetate, tert-butyl perbenzoate, tert-butyl perpheny 
lacetate, tert-butyl permethoxyacetate, and tert-butyl perN 
(3-toluyl)carbamate, azo compounds such as 2,2‘ 
azobispropane, 2,2'-dichloro-2,2'-azobispropane, l,l'-azo 
(methylethyl)diacetate, 2,2'-azobis(2-amidinopropane) 
hydrochloride, 2,2'-azobis(2-amidinopropane)nitrate, 2,2‘ 
azobisisobutane, 2,2'-azobisisobutylamide, 2,2‘ 
azobisisobutyronitrile, methyl 2,2'-azobis-2 
methylpropionate, 2,2'-dichloro-2,2'-azobisbutane, 2,2‘ 
azobis-2-methylbutyronitrile, dimethyl 2,2‘ 
azobisisobutyrate, l,l'-azobis(sodium 
l -methylbutyronitrile-3 -sulfonate), 2-(4 -methylphenylazo) 
2-methylmalonodinitrile, 4,4'-azobis-4-cyanovaleric acid, 
3,5-dihydroxymethylphenylazo-2-methylmalonodinitrile, 
2-(4-bromophenylazo)-2-allylmalonodinitrile, 2,2'-azobis 
2-methylvaleronitrile, dimethyl 4,4'-azobis-4-cyanovalerate, 
2,2'-azobis-2,4-dimethylvaleronitrile, l,l'-azobiscyclohex 
anenitrile, 2,2'-azobis-2-propylbutyronitrile, l,l'-azobis-l 
chlorophenylethane, l,l'-azobis-l -cyclohexanecarbonitrile, 
l,l'-azobis-l -cycloheptanenitrile, l,l'-azobis- l -phenyle 
thane, l,l'-azobiscumene, ethyl 4-nitrophenylazobenzylcy 
anoacetate, phenyl azodiphenyl methane, phenyl azotriph 
enyl methane, 4-nitrophenyl azotriphenyl methane, l,l' 
azobis-l,2-diphenyl ethane and poly(bisphenol A-4,4' 
azobis-4-cyanopentanoate), poly(tetraethyleneglycol-2,2‘ 
azobisisobutyrate), and l,4-bis(pentaethylene)-2-tetrazene, 
l ,4-dimethoxycarbonyl-l ,4-diphenyl-2 -tetrazene. These 
polymerization initiators can also be used as initiators for the 
crosslinking reaction. 

The binder resin has been described by referring mainly to 
the crystalline polyester resin and non-crystalline polyester 
resin, and if necessary it is also possible to use styrene and 
styrene derivatives such as parachlorostyrene and ot-methyl 
styrene; acrylate monomers such as methyl acrylate, ethyl 
acrylate, n-propyl acrylate, butyl acrylate, lauryl acrylate and 
2-ethylhexyl acrylate; methacrylate monomers such as 
methyl methacrylate, ethyl methacrylate, n-propyl methacry 
late, lauryl methacrylate and 2-ethylhexyl methacrylate; eth 
ylenically unsaturated monomers such as acrylic acid, meth 
acrylic acid and sodium styrenesulfonate; vinyl nitriles such 
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as acrylonitrile and methacrylonitrile; vinyl ethers such as 
vinyl methyl ether and vinyl isobutyl ether; vinyl ketones 
such as vinyl methyl ketone, vinyl ethyl ketone and vinyl 
isopropenyl ketone; homopolymers of ole?nic monomers 
such as ethylene, propylene and butadiene, copolymers com 
prising a combination of tWo or more of these monomers, or 
mixtures thereof; non-vinyl condensed resins such as epoxy 
resin, polyester resin, polyurethane resin, polyamide resin, 
cellulose resin and polyether resin, or mixtures thereof With 
the vinyl resin, and graft polymers obtained by polymerizing 
the vinyl monomers in the presence of these resins. 

-Resin Particle Dispersion 
NoW, the method of preparing a resin particle dispersion, 

used in preparing the toner of the invention by the emulsion 
polymerization aggregation method, is described in detail. 
The resin particle dispersion can be obtained easily by 

emulsion polymerization or by polymerization in a heteroge 
neous dispersion system similar to emulsion polymerization. 
Alternatively, the resin particle dispersion can be obtained 
optionally by a method such as a method Which comprises 
adding, together With a stabilizer, a polymer uniformly poly 
merized in advance by solution polymerization or bulk poly 
merization to a solvent in Which the polymer is not dissolved, 
and then mechanically mixing and dispersing it. 

For example, When a vinyl monomer is used, a resin par 
ticle dispersion can be prepared by emulsion polymerization 
or seed polymerization using an ionic surfactant or the like, 
preferably a combination of an ionic surfactant and a nonionic 
surfactant. 
Examples of the surfactant used include, but is not limited 

to, anionic surfactants based on sulfates, sulfonates, phos 
phates and soap; cationic surfactants based on amines and 
quaternary ammonium salts; nonionic surfactants basedpoly 
ethylene glycol, alkyl phenol/ethylene oxide adducts, alkyl 
alcohol/ethylene oxide adducts and polyhydric alcohols, as 
Well as various graft polymers. 
When the resin particle dispersion is produced by emulsion 

polymerization, a small amount of unsaturated acid, for 
example, acrylic acid, methacrylic acid, maleic acid or styre 
nesulfonic acid is preferably used as a part of the monomer 
component so that a protective colloidal layer can be formed 
on the surfaces of particles to realize soap-free polymeriza 
tion. 
The average particle diameter of the resin particles is pref 

erably 1 pm or less, more preferably 0.01 to 1 pm. When the 
average particle diameter of the resin particles is greater than 
1 pm, the particle size distribution of the ?nally obtained toner 
for electrostatic image development is broadened, and free 
particles are generated to cause deterioration in performance 
and reliability. On the other hand, When the average particle 
diameter of the resin particles is Within the range described 
above, there does not arise the disadvantage described above, 
and there is an advantage that the uneven distribution of the 
resin particles among toner particles is decreased, and the 
dispersion thereof in the toner is improved, thus reducing 
?uctuation in performance and reliability. The average par 
ticle diameter of the resin particles can be measured by using 
a microtrack or the like. 

A dispersion having the crystalline ester compound dis 
persed therein can also be prepared in the same manner as for 
the resin particle dispersion described above. 

-Releasing Agent 
The releasing agent used in the invention includes loW 

molecular polyole?ns such as polyethylene, polypropylene 
and polybutene; fatty acid amides such as silicones, oleic acid 
amide, erucic acid amide, ricinoleic acid amide and stearic 
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acid amide; vegetable Wax such as camauba Wax, rice Wax, 
candelila Wax, haze Wax and jojoba oil; animal Wax such as 
beeswax; mineral or petroleum Wax such as montan Wax, 
ozokerite, ceresin, para?in Wax, microcrystalline Wax and 
Fischer Tropsch Wax, and modi?ed products thereof. 
When the toner is produced by the emulsion polymeriza 

tion aggregation method, the releasing agent is heated to the 
melting point or more and simultaneously dispersed in Water 
together With an ionic surfactant, a polymeric acid, and a 
polymeric electrolyte such as polymeric base, ?nely divided 
by a homogenizer capable of giving strong shearing force or 
a pressure discharging dispersing machine, and used as a 
releasing agent dispersion containing releasing agent par 
ticles having an average particle diameter of 1 pm or less. 

To prepare the toner, these releasing agent particles 
together With the other resin particle components may be 
added to a mixed solvent all at once or several times in divided 
portions. 

The amount of the releasing agent to be added is preferably 
in the range of 0.5 to 50 Wt % relative to the toner. The amount 
is more preferably in the range of l to 30 Wt %, still more 
preferably in the range of 5 to 15 Wt %. An amount outside the 
above range is not preferable, because When the amount is 
loWer than 0.5 Wt %, the effect of the releasing agent added is 
not brought about, While When the amount is higher than 50 
Wt %, the surface of an image is insuf?ciently dyed at ?xation, 
and the releasing agent easily remains in the image and the 
transparency deteriorates. 

-Colorant 
A colorant used in the invention includes various pigments 

such as carbon black, chrome yelloW, hanza yelloW, benzidine 
yelloW, threne yelloW, quinoline yelloW, permanent orange 
GTR, pyrazolone orange, vulcan orange, Watchung red, per 
manent red, brilliant carmine 3B, brilliant carmine 6B, 
DuPont oil red, pyrazolone red, lithol red, rhodamine B lake, 
lake red C, rose Bengal, aniline blue, ultramarine blue, chalco 
oil blue, methylene blue chloride, phthalocyanine blue, 
phthalocyanine green and malachite green oxalate, various 
dyes based on acridine, xanthene, azo, benzoquinone, azine, 
anthraquinone, thioindigo, dioxazine, thiazine, azomethine, 
indigo, phthalocyanine, aniline black, polymethine, triphenyl 
methane, diphenyl methane and thiazole, and a mixture of 
tWo or more thereof. 

When the toner is prepared by the emulsion polymerization 
aggregation method, these colorants are dispersed in a solvent 
and used as a colorant dispersion. The average particle diam 
eter of the colorant particles in the dispersion is preferably 0.8 
pm or less, more preferably 0.05 to 0.5 pm. When the average 
particle diameter of the colorant particles is greater than 0.8 
pm, the particle size distribution of the ?nally obtained toner 
for electrostatic image development is broadened, and free 
particles are generated, resulting in deterioration in perfor 
mance and reliability. When the average particle diameter of 
the colorant particles is smaller than 0.05 um, coloring prop 
erties in the toner are reduced, and shape regulation that is one 
feature of the emulsion aggregation method is lost, so a truly 
spherical toner cannot be obtained. 
The ratio of the number of coarse particles having an aver 

age particle diameter of 0.8 pm or more to the number of the 
total particles in the colorant dispersion is preferably less than 
10% and preferably substantially 0%. The presence of such 
coarse particles causes deterioration in the stability of the 
aggregation process, generation of free coarse colored par 
ticles, and broader particle-size distribution. 

The ratio of the number of particles having an average 
particle diameter of 0.05 pm or less to the number of the total 
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particles in the colorant dispersion is preferably 5% or less. 
The presence of such particles causes deterioration in regu 
lation of the shape in the fusion process, so smooth colorant 
particles having an average circularity of 0.940 or less may 
not be obtained. 
On the other hand, When the average particle diameter of 

the colorant particles, coarse particles and particles are in the 
ranges described above, there does not arise the disadvantage 
described above, and there is an advantage that the uneven 
distribution of the colorant particles among toner particles is 
decreased, and the dispersion thereof in the toner is improved, 
thus reducing ?uctuation in performance and reliability. 
The average particle diameter of the colorant particles can 

be measured by using a microtrack or the like. The amount of 
the colorant added is preferably in the range of l to 20 Wt % 
relative to the toner. 
A method of dispersing the colorant in a solvent is not 

particularly limited, and a method, for example, a method 
using a rotating shearing homo genizer or a ball mill, sand mill 
or DYNO-mill having media can be used optionally. 
The colorant used may be surface-modi?ed With rosin, 

polymer etc. The surface-modi?ed colorant is advantageous 
in that it is suf?ciently stabilized in the colorant dispersion, 
and When the colorant is dispersed to a desired average par 
ticle diameter in the colorant dispersion and mixed With the 
resin particle dispersion or subjected to the aggregation pro 
cess etc., the colorant particles are not aggregated With one 
another and can be maintained in an excellent dispersed state. 
HoWever, a colorant subjected to excessive surface modi?ca 
tion may become free Without aggregation With the resin 
particles in the aggregation process. Accordingly, the surface 
modi?cation is conducted under suitably selected optimum 
conditions. 
The polymer used in surface treatment of the colorant 

includes an acrylonitrile polymer, methyl methacrylate poly 
mer etc. 

As the conditions for surface modi?cation, it is generally 
possible to use a polymerization method of polymerizing a 
monomer in the presence of the colorant (pigment) or a phase 
separation method Which comprises dispersing the colorant 
(pigment) in a polymer solution and loWering the solubility of 
the polymer to precipitate it on the surface of the colorant 
(pigment). 
-Other Additives 
When the toner of the invention is used as a magnetic toner, 

magnetic poWder is contained therein, and examples of the 
magnetic poWder used include metals such as ferrite, magne 
tite, reduced iron, cobalt, nickel and manganese, alloys 
thereof and compounds containing the metals. If necessary, a 
Wide variety of ordinarily used charge controlling agents such 
as quaternary ammonium salts, Nigrosine compounds and 
triphenyl methane pigments may also be added. 

In the toner of the invention, inorganic particles can also be 
contained if necessary. From the vieWpoint of durability, it is 
preferable that inorganic particles having a median particle 
diameter of 5 to 30 nm and inorganic particles having a 
median particle diameter of 30 to 100 nm are contained in the 
range of 0.5 to 10 Wt % relative to the toner. 

Speci?c examples of the inorganic particles include silica, 
hydrophobated silica, titanium oxide, alumina, calcium car 
bonate, magnesium carbonate, tricalcium phosphate, colloi 
dal silica, cation surface-treated colloidal silica and anion 
surface-treated colloidal silica. These inorganic particles 
have been previously treated in the presence of an ionic sur 
factant by a sonicator, and colloidal silica Which does not 
require this dispersion treatment is more preferably used. 
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When the amount of the inorganic particles added is less 
than 0.5 Wt %, suf?cient toughness cannot be achieved at the 
time of toner melting even if the inorganic particles are added, 
and releasability in oil-less ?xation cannot be improved and 
coarse dispersion of ?ne toner particles in the toner upon 
melting increases viscosity only, resulting in deterioration of 
stringiness to deteriorate releasability in oil-less ?xation. 
When the content of the inorganic particles is higher than 10 
Wt %, su?icient toughness can be attained, but ?uidity upon 
toner melting is signi?cantly reduced to deteriorate image 
gloss. 
A knoWn external additive can be externally added to the 

toner of the invention. As the external additive, inorganic 
particles such as silica, alumina, titania, calcium carbonate, 
magnesium carbonate and tricalcium phosphate can be used. 
For example, inorganic particles such as silica, alumina, tita 
nia and calcium carbonate and resin particles such as vinyl 
resin, polyester and silicone can be used as a ?oWability 
auxiliary agent, a cleaning auxiliary agent or the like. The 
method of adding the external additive is not particularly 
limited, and the external additive in a dried state can be added 
onto the surfaces of the toner particles With shearing force. 

-Other Physical Properties of the Toner 
The volume-average particle diameter DSOV of the toner of 

the invention is preferably 3 to 8 pm. When the volume 
average particle diameter is smaller than 3 pm, charging 
properties are insuf?cient and the toner may be scattered 
around to cause image fogging, While When the particle diam 
eter is greater than 8 pm, the resolution of an image loWers 
and achievement of high qualities may be dif?cult. The aver 
age-volume particle siZe distribution index GSDv of the toner 
is preferably 1.25 or less. When the GSDv is greater than 1.25, 
the vividness and resolution of the resulting image may be 
deteriorated. 

The small particle diameter-side particle siZe distribution 
index GSDp-under is preferably 1.27 or less. When the 
GSDp-under is greater than 1.27, the ratio of small particle 
toner is high, so there is signi?cant in?uence not only on 
initial performance but also on reliability. That is, the adhe 
sion of small-diameter toner is high as conventionally knoWn, 
so the electrostatic regulation is easily made di?icult, and 
When a tWo-component developer is used, the toner easily 
remains on a carrier. In this case, When repeated mechanical 
force is applied, the carrier is contaminated, resulting in 
acceleration of deterioration of the carrier. 

In the invention, the volume-average particle diameter 
DSOV and various particle distribution indexes can be deter 
mined by using measuring instruments such as Coulter 
Counter TAII (manufactured by Beckman Coulter, Inc) and 
MultisiZer II (manufactured by Beckman Coulter, Inc.) 
Wherein ISOTON-II (manufacture by Beckman Coulter, Inc.) 
is used as an electrolyte. 

In the measurement, 0.5 to 50 mg of a sample for measure 
ment is added to a surfactant as dispersant, preferably 2 ml of 
5% aqueous sodium alkyl benZene sulfonate. The resultant is 
added to 100 to 150 ml of electrolyte. 

The electrolyte having the sample suspended therein is 
dispersed for about 1 minute With a sonicator, and the particle 
siZe distribution of the particles having a particle diameter in 
the range of 2 to 50 pm is measured With an aperture having 
a diameter of 100 um by the above-mentioned Coulter 
Counter TA-II. The number of particles sampled is 50000. 
A cumulative distribution is draWn With respect to volume 

and number from the side of small particle against the particle 
siZe range (channel) divided on the basis of the particle siZe 
distribution thus determined, and the particle diameter at 16% 
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accumulation is de?ned as cumulative volume-average par 
ticle diameter D 16v and cumulative number-average particle 
diameter D 161,, the particle diameter at 50% accumulation is 
de?ned as cumulative volume-average particle diameter DSOV 
and cumulative number-average particle diameter DSOP, and 
the particle diameter at 84% accumulation is de?ned as 
cumulative volume-average particle diameter D84v and cumu 
lative number-average particle diameter D84P. 

Using them, the volume-average particle siZe distribution 
index (GSDv) is determined from the formula (D84v/Dl 6v)”, 
the number average particle siZe distribution index (GSDp) 
from the formula (D84P/Dl6P)1/2, and the small particle diam 
eter-side particle siZe distribution index GSDp-under from 
the formula (Dsop/Dmp). 
The small particle diameter toner has large adhesion, so the 

ef?ciency of development is loWered resulting in defects in 
qualities. Particularly in the transfer process, transfer of com 
ponents of small diameter in the toner developed on the pho 
toreceptor is easily made dif?cult, resulting in poor ef?ciency 
of transfer, and discharged toners are increased and defects in 
image qualities generates. These problems cause to increase 
of toners not electrostatically regulated or toners having 
reverse polarity, resulting in pollution therearound. In par 
ticular, these unregulated toners are accumulated on a charg 
ing roll via the photoreceptor etc., to cause insuf?cient charg 
ing unfavorably. 
The average circularity of the toner of the invention is 

preferably 0.94 to 0.99. 
When the average circularity is loWer than the above range, 

the shape becomes amorphous and the transferability, dura 
bility and ?oWability are loWered, While When the average 
circularity is higher than the above range, the proportion of 
spherical particles increases and cleaning is made dif?cult in 
some cases. 

The average circularity of the toner can be measured by a 
?oW-type particle image analyZer FPIA-2000 (manufactured 
by Toaiyo Denshi Co., Ltd.). In a speci?c measurement 
method, 0.1 to 0.5 ml of a surfactant, preferably alkyl benZene 
sulfonate, as a dispersant is added to 100 to 150 ml Water from 
Which impurities Were removed, and about 0.1 to 0.5 g of a 
sample for measurement is further added thereto. The result 
ing suspension having the measurement sample dispersed 
therein is dispersed for about 1 to 3 minutes With a sonicator, 
and the average circularity of the toner is measured at a 
dispersion density of 3000 to 10,000 toner particles/pl by the 
above analyZer. 
The glass transition temperature Tg of the toner of the 

invention is not particularly limited, but is preferably selected 
in the range of 40 to 700 C. When the glass transition tem 
perature is loWer than this range, there may arise problems in 
toner storage, storage of ?xed image and durability in a 
machine. When the glass transition temperature is higher than 
this range, there may arise problems such as an increase in 
?xation temperature and an increase in temperature required 
for granulation. 

According to ASTMD3418-8 (the disclosure of Which is 
incorporated herein by reference), Tg is measured using a 
DSC measuring instrument (differential calorimeter DSC-7, 
manufactured by Perkin Elmer, Inc.). The melting points of 
indium and Zinc are used in temperature correction in a detec 
tion part of the apparatus, and the heat of fusion of indium is 
used in correction of heat quantity. With an empty pan set for 
comparison, a sample is placed on an aluminum pan and 
measured at an increasing temperature rate of 100 C./min. 
The absolute value of charging of the toner for electrostatic 

image development according to the invention is preferably in 
the range of 10 to 40 uC/ g, more preferably 15 to 35 uC/g. 
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When the absolute value is lower than 10 uC/ g, background 
staining occurs easily, While When the ab solute value is higher 
than 40 uC/ g, image density is easily loWered. 

The ratio of the charging, in summer (28° C., 85% RH), of 
the toner for electrostatic image development to the charging 
thereof in Winter (10° C., 30% RH) is preferably 0.5 to 1.5, 
more preferably 0.7 to 1.3. A ratio outside of the above range 
is practically not preferable because the dependence of the 
toner on the environment is increased and the charging prop 
erties are not stable. 

-Preparation of the Toner by the Emulsion Polymerization 
Aggregation Method 

NoW, the method of producing the toner of the invention is 
described in more detail by reference to the emulsion poly 
merization aggregation method. 
When the toner of the invention is prepared by the emulsion 

polymerization aggregation method, the toner is produced at 
least through a aggregation process and a fusion process as 
described above, and the process may further comprise an 
adhesion process of forming an aggregated particle having a 
core/ shell structure With resin particles adhering to the sur 
face of an aggregated particle (core particle) formed through 
the aggregation process. 

-Aggregation Process 
In the aggregation process, aggregated particles are formed 

in a starting dispersion mixture of a crystalline ester com 
pound dispersion having the crystalline ester compound dis 
persed therein, a non-crystalline resin particle dispersion hav 
ing the non-crystalline resin dispersed therein, a colorant 
dispersion having the colorant dispersed therein and a releas 
ing agent dispersion having the releasing agent dispersed 
therein. 

Speci?cally, a starting dispersion obtained by mixing the 
respective dispersions is heated to aggregate particles in the 
starting dispersion, thereby forming aggregated particles. 
The heating is carried out at a temperature slightly loWer than 
the melting point of the crystalline ester compound or the 
glass transition temperature of the non-crystalline resin. The 
heating temperature is preferably loWer by 5 to 25° C. than the 
melting point or the glass transition temperature. 

Formation of aggregated particles is carried out by adding 
an aggregating agent at room temperature under stirring in a 
rotating shearing homogenizer and then acidifying the start 
ing dispersion. 
As the aggregating agent used in the aggregation process, a 

surfactant having reverse polarity to that of the surfactant 
used as a dispersant to be added to the starting dispersion, that 
is, a divalent or more metal complex in addition to an inor 
ganic metal salt, can be preferably used. Particularly a metal 
complex is preferably used because the amount of the surfac 
tant used can be reduced and charging properties are 
improved. 

Examples of the inorganic metal salt include metal salts 
such as calcium chloride, calcium nitrate, barium chloride, 
magnesium chloride, zinc chloride, aluminum chloride and 
aluminum sulfate, and inorganic metal salt polymers such as 
poly(aluminum chloride), poly(aluminum hydroxide) and 
poly(calcium sul?de). Among these compounds, the alumi 
num salts and polymers thereof are particularly preferable. 
For attaining a sharper particle-size distribution, the valence 
of the inorganic metal salt is more preferably divalent than 
monovalent, trivalent than divalent, or tetravalent than triva 
lent, and given the same valence, an inorganic metal salt 
polymer of polymerization type is more preferable. 
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-Adhesion Process 

If necessary, an adhesion process may be carried out after 
aggregation. In the adhesion process, resin particles are 
alloWed to adhere to the surfaces of aggregated particles 
formed through the aggregation process, Whereby a coating 
layer is formed. A toner having a core/shell structure Which 
consists of the core layer and a shell layer coated thereon can 
be obtained. 
The coating layer can be formed usually by additionally 

adding a dispersion containing non-crystalline resin particles 
to a dispersion having aggregated particles (core particles) 
formed in the aggregation process. The non-crystalline resin 
used in the adhesion process may be identical With, or differ 
ent from, the one used in the aggregation process. 
The general adhesion process is used in preparing a toner 

having a core/ shell structure Wherein together With the releas 
ing agent, the crystalline resin as binder resin is contained as 
a main component, and the major object is to prevent depres 
sion of the exposure, to the toner surface, of the releasing 
agent and crystalline resin contained in the core layer and to 
compensate for the strength of toner particles Which is insuf 
?cient When the toner particles are made of the core alone. 

In the toner of the invention, hoWever, the releasing agent is 
excellent in dispersibility and compatibility, and non-crystal 
line resin is used as binder resin, so that even if the shell layer 
is not formed in the adhesion process, components such as the 
releasing agent adversely in?uencing charging properties and 
storage stability can be prevented from being exposed to the 
surface of the toner, and suf?cient strength can also be 
achieved. Accordingly, When the emulsion polymerization 
aggregation method is used, there is no problem even if the 
adhesion process is omitted, and thus production of the toner 
can be further simpli?ed. 

-Fusion Process 
In the fusion process carried out after aggregation or after 

both aggregation and adhesion, the suspension containing 
aggregated particles formed through these processes is 
adjusted in the range of pH 6.5 to 8.5 thereby terminating 
progress of aggregation and then heated, Whereby fusing the 
aggregated particles. In fusion, the aggregated particles are 
fused by heating at a temperature higher than the glass tran 
sition temperature of the non-crystalline resin. 
When heating is carried out for fusion or after fusion is 

completed, crosslinking may be carried out. Crosslinking 
may be also carried out simultaneously With fusion. When 
crosslinking is carried out, the crosslinking agent and poly 
merization initiator described above are used in preparation 
of the toner. 
The polymerization initiator may be mixed With the dis 

persion before the stage of preparing the starting dispersion or 
may be incorporated into the aggregated particles in the 
aggregation process. Alternatively, the polymerization initia 
tor maybe introduced in the fusion process or after the fusion 
process. When the polymerization initiator is introduced in 
the aggregation process, adhesion process or fusion process 
or after the fusion process, a solution or emulsion of the 
polymerization initiator is added to the dispersion. For the 
purpose of regulating the degree of polymerization, a knoWn 
crosslinking agent, chain transfer agent, polymerization 
inhibitor etc. may be added to the polymerization initiator. 

-Washing Process, Drying Process Etc. 
After the process of fusing aggregated particles is com 

pleted, desired toner particles are obtained through an 
optional Washing process, solid/liquid separation process and 
drying process, and in consideration of charging properties, 
the Washing process preferably comprises suf?cient Washing 
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by replacement With Water. The solid/liquid separation pro 
cess is not particularly limited, but from the vieWpoint of 
productivity, ?ltration under suction, ?ltration under pres sure 
etc. are preferable. The drying process is not particularly 
limited either, but from the vieWpoint of productivity, freeZe 
drying, ?ash jet drying, ?uidiZing drying, vibration ?uidiZing 
drying etc. are preferably used. If necessary, various external 
additives described above can be added to the toner particles 
after drying. 

(Electrostatic Image Developer) 
The electrostatic image developer of the invention (here 

inafter, referred to sometimes as merely “developer”) com 
prises the toner of the invention, and may be compounded 
With other components if necessary. 

Speci?cally, When the toner of the invention is used alone, 
the developer of the invention is prepared as one-component 
electrostatic image developer, and When the toner is used in 
combination With a carrier, the developer is prepared as tWo 
component electrostatic image developer. 

The carrier is not particularly limited, and carriers knoWn 
per se can be mentioned, and for example knoWn carriers such 
as carriers having a core material coated With a resin layer 
(resin-coated carrier) Which are described in JP-A No. 
62-39879 and JP-A No. 56-11461 can be used. 
The core material of the resin-coated carrier includes 

shaped products such as iron poWder, ferrite and magnetite, 
and the average particle diameter thereof is about 30 to 200 
pm. 

The coating resin forming the coating layer includes, for 
example, styrene and styrene derivatives such as parachlo 
rostyrene and ot-methyl styrene, ot-methylene fatty monocar 
boxylic acids such as methyl acrylate, ethyl acrylate, n-propyl 
acrylate, lauryl acrylate, 2-ethylhexyl acrylate, methyl meth 
acrylate, n-propyl methacrylate, lauryl methacrylate and 
2-ethylhexyl methacrylate, nitrogen-containing acryls such 
as dimethylaminoethyl methacrylate, vinyl nitriles such as 
acrylonitrile and methacrylonitrile, vinyl pyridines such as 
2-vinyl pyridine and 4-vinyl pyridine, vinyl ethers such as 
vinyl methyl ether and vinyl isobutyl ether, vinyl ketones such 
as vinyl methyl ketone, vinyl ethyl ketone and vinyl isopro 
penyl ketone, ole?ns such as ethylene and propylene, 
homopolymers of vinyl ?uorine-containing monomers such 
as vinylidene ?uoride, tetra?uoroethylene and hexa?uoroet 
hylene, or copolymers consisting of tWo or more monomers, 
silicones such as methyl silicone and methyl phenyl silicone, 
polyesters containing bisphenol, glycol etc., epoxy resin, 
polyurethane resin, polyamide resin, cellulose resin, poly 
ether resin and polycarbonate resin. These resins may be used 
alone or as a mixture of tWo or more thereof. 

The amount of the coating resin is in the range of 0.1 to 10 
parts by Weight, preferably 0.5 to 3 .0 parts by Weight, relative 
to 100 parts by Weight of the core material. For production of 
the carrier, a heating kneader, a heating Henschel mixer, an 
UM mixer etc. can be used, and a heating ?uidized rolling 
bed, a heating kiln etc. can be used depending on the amount 
of the coating resin. The toner/carrier mixing ratio in the 
electrostatic image developer is not particularly limited, and 
can be suitably selected depending on the purpose. 

(Image Forming Method) 
NoW, the image forming method of the invention is 

described in detail. The image forming method of the inven 
tion is not particularly limited insofar as the toner (developer) 
of the invention is used, and the image forming method pref 
erably comprises forming an electrostatic latent image on the 
surface of a latent image carrier, developing the electrostatic 
latent image With a developer containing the toner of the 
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invention to form a toner image, transferring the toner image 
onto a recording medium, and ?xing the toner image on the 
recording medium. 
The image forming method of the invention can be com 

bined With knoWn processes usable in the image forming 
method by electrophotography, in addition to the process 
described above, and the method may comprise, for example, 
cleaning and recovering residual toner remaining on the sur 
face of the latent image carrier after transferring to recover the 
toner, and toner recycling Where the residual toner recovered 
in the cleaning is re-utiliZed as the developer 
The electrostatic latent image-forming process is a process 

of forming an electrostatic latent image by charging the sur 
face of a latent image carrier evenly With a charging means 
and then exposing the latent image carrier to light With a laser 
optical system or an LED array. The charging means may be 
any type of charger and includes non-contact-type chargers 
such as corotron and scorotron and contact-type chargers that 
the surface of a latent image carrier is charged by applying 
voltage to an electroconductive member contacting With the 
surface of the latent image carrier. HoWever, from the vieW 
points of exhibiting the effects of less generation of oZone, 
environmental compatibility and excellent printing durabil 
ity, a charger of contact charging type is preferable. In the 
charger of contact charging type, the shape of the electrocon 
ductive member is not limited, and may be in the form of a 
brush, blade, pin electrode or roller. The image forming 
method of the invention is not particularly limited in the latent 
image forming process. 
The development process described above is a process 

Wherein a developer carrier having a developer layer contain 
ing at least a toner formed on the surface thereof is contacted 
With, or made close to, the surface of a latent image carrier 
thereby alloWing toner particles to adhere to an electrostatic 
latent image on the surface of the latent image carrier, to form 
a toner image on the surface of the latent image carrier. The 
development system can make use of a knoWn system, and the 
developer system Where the developer is a tWo-component 
developer includes a cascade system, a magnetic brush sys 
tem etc. The image forming method of the invention is not 
particularly limited With respect to the development system. 
The transfer process is a process of transferring a toner 

image formed on the surface of the latent image carrier onto 
a recording medium. The transfer process is not particularly 
limited and may be a system of directly transferring a toner 
image onto a recording medium such as paper or a system of 
transferring a toner image onto a drum- or belt-shaped inter 
mediate transfer material and then transferring it onto a 
recording medium such as paper. 

A corotron can be used as the transfer apparatus for trans 
ferring a toner image from the latent image carrier onto paper 
etc. The corotron is effective as a means of uniformly charg 
ing paper, and for applying predetermined charge to paper as 
a recording medium, high voltage of several kV should be 
applied, and a high-voltage poWer source is necessary. 
Because oZone is generated due to corona discharge, rubber 
parts and the latent image carrier are deteriorated, so a con 
tact-transfer system is preferable in Which an electroconduc 
tive transfer roll made of an elastic material is abutted on the 
latent image carrier to transfer a toner image onto paper. The 
image forming method of the invention is not particularly 
limited With respect to the transfer apparatus. 

The cleaning process is a process of removing a toner, 
paper poWder, dust etc. adhering to the surface of the latent 
image carrier by directly contacting a blade, brush, roll or the 
like With the surface of the latent image carrier. 
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The most generally used system is a blade cleaning system 
Wherein a blade made of rubber such as polyurethane is 
abutted on the latent image carrier. Use can also be made of a 
magnetic brush system having a magnet ?xed therein and 
provided With a rotatable cylindrical non-magnetic sleeve 
arranged in the outer periphery of the magnet, Wherein a 
magnetic carrier is carried on the surface of the sleeve to 
recover a toner, or a system Wherein a semi-electroconductive 
resin ?ber or animal hair is rendered rotatable in a rolled state, 
and bias of polarity opposite to the toner is applied to the roll 
to remove the toner. In the former magnetic brush system, a 
corotron for cleaning pretreatment may be arranged. In the 
image forming method of the invention, the cleaning system 
is not particularly limited. 

The ?xation process is a process Wherein the toner image 
transferred on the surface of the recording medium is ?xed 
With a ?xation apparatus. As the ?xation apparatus, a heating 
?xation apparatus using a heat roll is preferably used. The 
heating ?xation apparatus includes a ?xation roller having a 
heater lamp for heating arranged in a cylindrical metallic core 
and provided With a heat-resistant resin coating layer or a 
heat-resistant rubber coating layer as a release layer on the 
outer periphery thereof, and a press roller or a press belt 
abutted on this ?xation roller and having a heat-resistant 
elastic layer formed on the outer periphery of a cylindrical 
core or on the surface of a belt-shaped substrate. In the pro 
cess of ?xing a toner image, a recording medium having the 
toner image formed thereon is passed betWeen the ?xation 
roller and the press roller or the press belt, and the binder 
resin, additives etc. in the toner are ?xed by heat melting. In 
the image forming method of the invention, the ?xation sys 
tem is not particularly limited. 

For forming a full-color image in the image forming 
method of the invention, it is preferable to use the image 
forming method Wherein plural latent image carriers have 
developer carriers in different colors, and by a series of pro 
cesses consisting of a latent image forming process, a devel 
opment process, a transfer process and a cleaning process 
With the respective latent image carriers and developer carri 
ers, toner images in different colors are successively layered 
on the surface of the same recording medium, and the result 
ing layered full-color toner image is thermally ?xed in the 
?xation process. The developer of the invention is used in the 
image forming method, Whereby stable development, trans 
fer and ?xation performance can be obtained even in a tandem 
system suitable for small siZe and high-speed coloring. 
The system for toner recycling is not particularly limited 

and includes, for example, a method Wherein a toner recov 
ered in a cleaning part is sent on a delivery conveyer or With 
a transfer screW to a replenishing toner hopper or a developing 
device, or after being mixed With a replenishing toner in an 
intermediate chamber, is fed to a developing device. Prefer 
ably, the toner recycle system is a system Wherein the recycle 
toner is returned directly to a developing device or the recycle 
toner is mixed With a replenishing toner in an intermediate 
chamber and then fed to a developing device. 
When the toner is used by recycling, it is necessary that the 

strength of the toner particles is high and the releasing agent 
is excellent in dispersibility in the toner and is not exposed to 
the surface of the toner, and the toner of the invention has 
suf?cient strength, thus causing no deterioration in image 
qualities even if the toner is used for a long time. 

The image forming apparatus using the image forming 
method of the invention is constituted as a process cartridge 
consisting of elements such as a photoreceptor (latent image 
carrier), a developing device and a cleaning device connected 
to one another as one body, and this unit may be constituted to 
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be freely attachable to and detachable from the main body of 
the apparatus. At least one of a charger, a light exposing 
device, a developing device, a transfer device or a separator, 
and a cleaning device may be integrated With the photorecep 
tor to form a process cartridge as a single unit freely attach 
able to and detachable from the main body of the apparatus, 
and may be constituted to be freely attached and detached 
With a guiding means such as a rail of the main body of the 
apparatus. 
The recording medium onto Which a toner image is trans 

ferred includes, for example, paper and OHP sheet used in a 
copier or printer in an electrophotographic system. For fur 
ther improving the smoothness of the surface of an image 
after ?xation, the surface of the transfer material is also pref 
erably as smooth as possible, and for example paper coated 
With resin or the like, coated paper for printing, etc. can be 
preferably used. 

-Electrophotographic Photoreceptor 
NoW, the photoreceptor used in the image forming method 

of the invention is described in detail. 
As the photoreceptor used in the invention, a knoWn pho 

toreceptor having at least a photosensitive layer formed on an 
electroconductive support can be used, and an organic pho 
toreceptor is preferably used. In this case, it is preferable that 
a layer constituting the outermost surface of the photorecep 
tor contains a resin having a crosslinked structure. The resin 
having a crosslinked structure includes phenol resin, urethane 
resin and siloxane resin, and among them, the siloxane resin 
is most preferable. 
The photoreceptor Wherein the resin having a crosslinked 

structure is contained in a layer constituting the outermost 
surface thereof has high strength and can thus have high 
resistance to abrasion and scratch to attain ultra-longevity of 
the photoreceptor. HoWever, When a cleaning blade is used as 
a means of cleaning the photoreceptor to secure cleaning 
properties, the cleaning blade is preferably contacted at a 
relatively high abutting pressure With the photoreceptor. In 
this case, the toner remaining on the surface of the photore 
ceptor is easily broken in the abutted region betWeen the 
cleaning blade and the photoreceptor, so the constituent mate 
rials of the toner easily adhere to the surface of the photore 
ceptor and subsequent change in charging easily occurs. 
HoWever, the toner of the invention has excellent strength and 
can thus prevent such problem, and even if used in combina 
tion With the system of reutiliZing the toner by recycling, does 
not cause deterioration in image qualities for a long time. 

The layer structure of the photoreceptor used in the inven 
tion is not particularly limited insofar as it comprises an 
electroconductive support and a photosensitive layer 
arranged on the electroconductive support, and the photore 
ceptor preferably has photosensitive layer consisting of a 
charge generating layer and a charge transporting layer dif 
ferent in functions each other, and preferably the layer struc 
ture speci?cally comprises an undercoat layer, a charge gen 
erating layer, a charge transporting layer and a protective 
layer in this order on the surface of an electroconductive 
substrate. Hereinafter, the respective layers are described in 
detail. 
The electroconductive support includes, for example, a 

metal plate, a metal drum and a metal belt using a metal such 
as aluminum, copper, Zinc, stainless steel, chromium, nickel, 
molybdenum, vanadium, indium, gold and platinum or an 
alloy thereof, or a paper, a plastic ?lm and a belt coated, 
deposited or laminated With an electroconductive polymer, an 
electroconductive compound such as indium oxide, a metal 
such as aluminum, palladium and gold or an alloy thereof. 
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When the photoreceptor is used in a laser printer, the oscilla 
tion Wavelength of the laser is preferably 350 to 850 nm, and 
shorter Wavelength is more preferable for higher resolution of 
image. 

For preventing interference fringes generated upon irradia 
tion With laser beam, the surface of the support is preferably 
roughened to a central line average roughness (Ra) of 0.04 pm 
to 0.5 pm. The roughening method is preferably Wet honing of 
the support With an aqueous suspension of an abrasive, cen 
ter-less abrasion of continuously abrading the support against 
a rotating grindstone, anodiZing, or formation of a layer con 
taining organic or inorganic semi-electroconductive par 
ticles. Roughness outside of the above range is not suitable 
because When Ra is less than 0.04 pm, the surface of the 
support assumes a mirror surface, thus failing to attain an 
interference preventing effect, While When Ra is greater than 
0.5 um, image qualities are roughened even if a coating is 
formed. When a non-interference light is used as the light 
source, surface roughening for preventing interference 
fringes is not particularly necessary, generation of defects due 
to the uneven surface of the substrate can be prevented, and 
thus longer longevity can be attained. 

In anodiZing treatment, aluminum is anodiZed as an anode 
in an electrolyte solution to form an oxide ?lm on the surface 
of aluminum. The electrolyte solution includes a sulfuric acid 
solution, oxalic acid solution etc. HoWever, the porous anod 
iZed ?lm itself is chemically active, is easily polluted and 
signi?cantly changes resistance depending on the environ 
ment. Accordingly, the anodiZed ?lm is subjected to pore 
sealing Wherein ?ne pores of the anodiZed ?lm are closed by 
volume expansion With hydration reaction in pressurized 
Water vapor or boiling Water (to Which a metallic salt of nickel 
or the like may be added) thereby converting it into a more 
stable hydrated oxide. The thickness of the anodiZed ?lm is 
preferably 0.3 to 15 um. When the thickness is less than 0.3 
pm, the ?lm is poor in barrier properties against injection and 
unsatisfactory in effect. When the thickness is greater than 1 5 
pm, residual potential is increased due to repeated use. 

The treatment With an acidic treating solution consisting of 
phosphoric acid, chromic acid and ?uoric acid is carried out 
in the folloWing manner. The compounding ratio of phospho 
ric acid, chromic acid and ?uoric acid in the acidic treating 
solution is established preferably such that that phosphoric 
acid is in the range of l 0 to 11 Wt %, chromic acid in the range 
of3 to 5 Wt %, and ?uoric acid in the range of 0.5 to 2 Wt %, 
and the total concentration of these acids is in the range of 
13.5 to 18 Wt %. The treatment temperature is 42 to 48° C., 
and by keeping the treatment temperature high, a thick ?lm 
can be formed more rapidly. The thickness of the ?lm is 
preferably 0.3 to 15 um. When the thickness of the ?lm is less 
than 0.3 pm, the ?lm is poor in barrier properties against 
injection, and a satisfactory effect can not be attained. When 
the thickness of the ?lm is greater than 15 um, residual elec 
tric potential is caused by repeated use. 

Boehmite treatment can be carried out by dipping in puri 
?ed Water at 90 to 1000 C. for 5 to 60 minutes or by contacting 
With heated Water vapor at 90 to 1200 C. for 5 to 60 minutes. 
The thickness of the ?lm is preferably 0.1 to 5 pm. The ?lm 
can further be subjected to anodiZing With an electrolyte 
solution such as adipic acid, boric acid, borate, phosphate, 
phthalate, maleate, benZoate, tartrate and citrate, in Which the 
?lm is hardly dissolved. The organic or inorganic semi-elec 
troconductive particles include pigments described in JP-A 
No. 47-30330, for example organic pigments such as 
perylene pigment, bisbenZimidaZole perylene pigment, poly 
cyclic quinone pigment, indigo pigment and quinacridone 
pigment, organic pigments such as bisaZo pigment and phtha 
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locyanine pigment having an electron attractive substituent 
group such as cyano group, nitro group, nitroso group and 
halogen atom, and inorganic pigments such as Zinc oxide, 
titanium oxide and aluminum oxide. Among these pigments, 
Zinc oxide and titanium oxide is preferable because they have 
a high ability to transfer charge and are effective in ?lm 
thickening. 

For the purpose of improving dispersibility or regulating 
the energy level, the surfaces of these pigments are preferably 
treated With organic titanium compounds such as titanate 
coupling agent, aluminum chelate compound and aluminum 
coupling agent and particularly preferably treated With silane 
coupling agents such as vinyl trichlorosilane, vinyl tri 
methoxy silane, vinyl triethoxy silane, vinyl tris-2-methoxy 
ethoxy silane, vinyl triacetoxy silane, y-glycidoxy propyl tri 
methoxy silane, y-methacryloxy propyl trimethoxy silane, 
y-aminopropyl triethoxy silane, y-chloropropyl trimethoxy 
silane, y-2-aminoethyl aminopropyl trimethoxy silane, 
y-mercaptopropyl trimethoxy silane, y-ureidopropyl tri 
ethoxy silane and [3-3,4-epoxy cyclohexyl trimethoxy silane. 
When the amount of the organic or inorganic semi-electro 

conductive particles is too high, the strength of the undercoat 
layer is reduced to cause defects in a coating, and thus the 
semi-electroconductive particles are used in an amount of 
preferably 95 Wt % or less, more preferably 90 Wt % or less. 
A method using a ball mill, a roll mill, a sand mill, an attriter 
or supersonic Waves is used as the method of mixing and 
dispersing the organic or inorganic semi-electroconductive 
particles. Mixing/dispersion is carried out in an organic sol 
vent Which may be any organic solvent dissolving an orga 
nometallic compound or resin and not causing gelation or 
aggregation upon mixing/dispersion of the organic or inor 
ganic semi-electroconductive particles. For example, an 
usual organic solvent such as methanol, ethanol, n-propanol, 
n-butanol, benZyl alcohol, methyl cellosolve, ethyl cello 
solve, acetone, methyl ethyl ketone, cyclohexanone, methyl 
acetate, n-butyl acetate, dioxane, tetrahydrofuran, methylene 
chloride, chloroform, chlorobenZene and toluene may be 
used alone or a mixed solvent of tWo or more thereof may be 
used. 

If necessary, an undercoat layer may also be formed 
betWeen the electroconductive support and the photosensitive 
layer. 
The material used in forming the undercoat layer includes 

organoZirconium compounds such as Zirconium chelate com 
pound, Zirconium alkoxide compound and Zirconium cou 
pling agent, organotitanium compounds such as titanium che 
late compound, titanium alkoxide compound and titanate 
coupling agent, organoaluminum compounds such as alumi 
num chelate compound and aluminum coupling agent, and 
organometallic compounds such as antimony alkoxide com 
pound, germanium alkoxide compound, indium alkoxide 
compound, indium chelate compound, manganese alkoxide 
compound, manganese chelate compound, tin alkoxide com 
pound, tin chelate compound, aluminum silicon alkoxide 
compound, aluminum titanium alkoxide compound and alu 
minum Zirconium alkoxide compound, and among them, 
organoZirconium compounds, organotitanium compounds 
and organoaluminum compounds are preferably used 
because they exhibit excellent electrophotographic properties 
With loW residual potential. 

Further, silane coupling agents such vinyl trichlorosilane, 
vinyl trimethoxy silane, vinyl triethoxy silane, vinyl tris-2 
methoxy ethoxy silane, vinyl triacetoxy silane, y-glycidoxy 
propyl trimethoxy silane, y-methacryloxy propyl trimethoxy 
silane, y-aminopropyl triethoxy silane, y-chloropropyl tri 
methoxy silane, y-2-aminoethyl aminopropyl trimethoxy 
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silane, y-mercaptopropyl trimethoxy silane, y-ureidopropyl 
triethoxy silane and [3-3,4-epoxy cyclohexyl trimethoxy 
silane can be used in the undercoat layer. 

It is also possible to use known binder resins used conven 
tionally in the undercoat layer, for example polyvinyl alcohol, 
polyvinyl methyl ether, poly-N-vinylimidaZole, polyethylene 
oxide, ethyl cellulose, methyl cellulose, ethylene-acrylic acid 
copolymer, polyamide, polyimide, casein, gelatin, polyethyl 
ene, polyester, phenol resin, vinyl chloride-vinyl acetate 
copolymer, epoxy resin, polyvinyl pyrrolidone, polyvinyl 
pyridine, polyurethane, polyglutamic acid and polyacrylic 
acid. The mixing ratio of these materials can be suitably 
selected depending on necessity. 
An electron transporting pigment can be mixed/dispersed 

in the undercoat layer. The electron transporting pigments 
include pigments described in JP-A No. 47-30330, for 
example organic pigments such as perylene pigment, bisben 
ZimidaZole perylene pigment, polycyclic quinone pigment, 
indigo pigment and quinacridone pigment, organic pigments 
such as bisaZo pigment and phthalocyanine pigment having 
an electron attractive substituent group such as cyano group, 
nitro group, nitroso group and halogen atom, and inorganic 
pigments such as Zinc oxide and titanium oxide. 
Among these pigments, perylene pigment, bisbenZimida 

Zole perylene pigment, polycyclic quinone pigment, Zinc 
oxide and titanium oxide are preferably used because of their 
high electron mobility. These pigments may be surface 
treated With the above-mentioned coupling agent, binder etc. 
for the purpose of regulating dispersibility and charge trans 
portability. When the amount of the electron transport pig 
ment is too high, the strength of the undercoat layer is 
reduced, and coating defects are generated, and thus the elec 
tron transporting pigment is used in an amount of 95 Wt % or 
less, preferably 90 Wt % or less. 
As the mixing/ dispersing method, a usual method of using 

a ball mill, a roll mill, a sand mill, an attriter or supersonic 
Waves is used. Mixing/dispersion is carried out in an organic 
solvent Which may be any organic solvent dissolving an 
organic metallic compound and resin and not causing gela 
tion or aggregation upon mixing/dispersion of the electron 
transporting pigment. For example, an usual organic solvent 
such as methanol, ethanol, n-propanol, n-butanol, benZyl 
alcohol, methyl cellosolve, ethyl cellosolve, acetone, methyl 
ethyl ketone, cyclohexanone, methyl acetate, n-butyl acetate, 
dioxane, tetrahydrofuran, methylene chloride, chloroform, 
chlorobenZene and toluene may be used alone, or a mixed 
solvent of tWo or more thereof may be used. 
The thickness of the undercoat layer is generally 0.1 to 30 

mm, preferably 0.2 to 25 pm. The coating method usable in 
forming the undercoat layer includes an usual method such as 
blade coating, Meyer bar coating, spray coating, dipping 
coating, bead coating, air knife coating and curtain coating. 
The coating solution is dried to give the undercoat layer, and 
usually, drying is carried out at a temperature Where a coating 
can be formed by evaporating the solvent. Particularly, a 
substrate treatedWith an acidic solution or boehmite becomes 
poor in ability to hide defects on the substrate, and thus an 
intermediate layer is preferably formed. 
NoW, the charge generating layer is described in detail. 
As a charge generation material used in forming the charge 

generating layer, use can be made of all knoWn charge gen 
eration materials, for example aZo pigments such as bisaZo 
and trisaZo, condensed aromatic pigments such as dibro 
moanthanthrone, organic pigments such as perylene pigment, 
pyrrolopyrrole pigment and phthalocyanine pigment, and 
inorganic pigments such as triclinic selenium and Zinc oxide, 
and particularly When an exposure light Wavelength of 380 
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nm to 500 nm is used, an inorganic pigment is preferable, and 
When an exposure light Wavelength of 700 nm to 800 nm is 
used, metallic and nonmetallic phthalocyanine pigments are 
preferable. Particularly, hydroxy gallium phthalocyanine dis 
closed in JP-A No. 5-263007 and JP-A No. 5-279591, chlo 
rogallium phthalocyanine in JP-A No. 5-98181, dichlorotin 
phthalocyanine in JP-A No. 5-140472 and JP-A No. 
5-140473, and titanyl phthalocyanine in J P-A No. 4-189873 
and JP-A No. 5-43813 are preferable. 
The binder resin used in forming the charge generating 

layer can be selected from a Wide variety of insulating resins 
or can be selected from organic photoelectroconductive poly 
mers such as poly-N-vinyl carbaZole, polyvinyl anthracene, 
polyvinyl pyrene and polysilane. The binder resin is prefer 
ably insulating resin Which includes, but is not limited to, 
polyvinyl butyral resin, polyarylate resin (bisphenol A/ph 
thalic acid polycondensate, etc.), polycarbonate resin, poly 
ester resin, phenoxy resin, vinyl chloride-vinyl acetate 
copolymer, polyamide resin, acryl resin, polyacrylamide 
resin, polyvinyl pyridine resin, cellulose resin, urethane resin, 
epoxy resin, casein, polyvinyl alcohol resin and polyvinyl 
pyrrolidone resin. These binder resins may be used alone or as 
a mixture of tWo or more thereof. 

The compounding ratio (Weight ratio) of the charge gen 
eration material to the binder resin is preferably in the range 
of 10:1 to 1:10. As the method ofdispersing them, use can be 
made of an usual method such as a ball mill dispersion 
method, an attriter dispersion method or a sand mill disper 
sion method, Wherein conditions under Which the crystalline 
form is not changed by dispersion are required. It is con?rmed 
that the crystalline form is not changed after dispersion by the 
dispersion method carried out in the invention. In dispersion, 
it is effective for the siZe of the particle to be reduced to a siZe 
of 0.5 pm or less, preferably 0.3 um or less, more preferably 
0.15 um or less. 
As the solvent used in dispersion, an usual organic solvent 

such as methanol, ethanol, n-propanol, n-butanol, benZyl 
alcohol, methyl cellosolve, ethyl cellosolve, acetone, methyl 
ethyl ketone, cyclohexanone, methyl acetate, n-butyl acetate, 
dioxane, tetrahydrofuran, methylene chloride, chloroform, 
chlorobenZene and toluene may be used alone, or a mixed 
solvent of tWo or more thereof may be used. 
The thickness of the charge generating layer is generally 

0.1 to 5 um, preferably 0.2 to 2.0 um. The coating method 
usable in forming the charge generating layer includes an 
usual method such as blade coating, Meyer bar coating, spray 
coating, dipping coating, bead coating, air knife coating and 
curtain coating. 
NoW, the charge transporting layer is described in detail. 
As the charge transporting layer, a layer formed by knoWn 

techniques can be used. The charge transporting layer may be 
formed by using a charge transport material and binder resin 
or by using a polymeric charge transport material. 
The charge transport material includes electron transport 

ing compounds, for example quinone compounds such as 
p-benZoquinone, chloranil, bromanil and anthraquinone, tet 
racyanoquinodimethane compound, ?uorenone compound 
such as 2,4,7-trinitro?uorenone, xanthone compound, ben 
Zophenone compound, cyanovinyl compound and ethylene 
compound, and hole transporting compounds such as triaryl 
amine compound, benZidine compound, aryl alkane com 
pound, aryl-substituted ethylene compound, stilbene com 
pound, anthracene compound and hydraZone compound. 
These charge transport materials can be used alone or as a 
mixture of tWo or more thereof, and the charge transport 
material is not limited thereto. These charge transport mate 
rials can be used alone or as a mixture of tWo or more thereof, 
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but from the vieWpoint of mobility, the charge transport mate 
rials are preferably those having structures represented by the 
following formulae (A) to (C): 

Formula (A) 

In the formula (A), R14 represents a hydrogen atom or a 
methyl group; n is 1 or 2; Ar6 and Ar7 each represent a 
substituted or unsubstituted aryl group, and a substituent 
group, if any, is a halogen atom, a C1 to C5 alkyl group, a C1 
to C5 alkoxy group, or an amino group substituted With a C1 
to C3 alkyl group. 

Formula (B) 

(1117)” 

(1116),” 

(R165... 

(1LT). 
In the formula (B), R15 and R15‘ may be the same or dif 

ferent and each represent a hydrogen atom, a halogen atom, a 
C1 to C5 alkyl group, or a C1 to C5 alkoxy group; R16, R16‘, 
R17 and R17‘ may be the same or different and each represent 
a hydrogen atom, a halogen atom, a C1 to C5 alkyl group, a 
C1 to C5 alkoxy group, an amino group substituted With a C1 
to C2 alkyl group, a substituted or unsubstituted aryl group, 

iC(Rl8):C(R19)(R2O), or iCH:CHiCH:C(Ar)2; 
R18, R19 and R20 each represent a hydrogen atom, a substi 
tuted or unsubstituted alkyl group, a substituted or unsubsti 
tuted aryl group; Ar represents a substituted or unsubstituted 
aryl group; and each ofm and n is an integer of0 to 2. 

Formula (C) 

—C=CH 

— / ‘4M 

REX / _ 
N 162161-161 

— / \ 

R21 

In the formula (C), R21 represents a hydrogen atom, a C1 to 
C5 alkyl group, a C1 to C5 alkoxy group, a substituted or 
unsubstituted aryl group, or 4CH:CH4CH:C(Ar)2; Ar 
represents a substituted or unsubstituted aryl group; R22 and 
R23 may be the same or different and each represent a hydro 
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gen atom, a halogen atom, a C1 to C5 alkyl group, a C1 to C5 
alkoxy group, an amino group substituted With a C1 to C2 
alkyl group, or a substituted or unsubstituted aryl group. 
As the binder resin used in the charge transporting layer, it 

is possible to use polymer charge transport materials such as 
polycarbonate resin, polyester resin, methacryl resin, acryl 
resin, polyvinyl chloride resin, polyvinylidene chloride resin, 
polystyrene resin, polyvinyl acetate resin, styrene-butadiene 
copolymer, vinylidene chloride-acrylonitrile copolymer, 
vinyl chloride-vinyl acetate copolymer, vinyl chloride-vinyl 
acetate-maleic anhydride copolymer, silicone resin, silicone 
alkyd resin, phenol-formaldehyde resin, styrene-alkyd resin, 
poly-N-vinyl carbaZole, polysilane, as Well as polyester 
based polymeric charge transport materials and polymeric 
charge transport materials described in JP-A No. 8-176293 
and JP-A No. 8-208820. These binder resins can be used 
alone or as a mixture of tWo or more thereof. The compound 

ing ratio (Weight ratio) of the charge transport material to the 
binder resin is preferably from 10:1 to 1:5. 

For formation of the charge transporting layer, the polymer 
charge transport materials can be used alone. As the polymer 
charge transport materials, knoWn materials having charge 
transportability, such as poly-N-vinyl carbaZole and polysi 
lane, can be used. Particularly polyester-based polymeric 
charge transport materials described in JP-A No. 8-176293 
and JP-A No. 8-208820 have high charge transportability and 
are particularly preferable. The polymeric charge transport 
material only can be used as the charge transporting layer, but 
may be mixed With the binder resin to form a coating. 
The thickness of the charge transporting layer is generally 

5 to 50 um, preferably 10 to 30 pm. As the coating method, it 
is possible to use an usual method such as blade coating, 
Meyer bar coating, spray coating, dipping coating, bead coat 
ing, air knife coating and curtain coating. The solvent used in 
forming the charge transporting layer includes usual organic 
solvents such as aromatic hydrocarbons such as benZene, 
toluene, xylene and chlorobenZene, ketones such as acetone 
and 2-butanone, halogenated aliphatic hydrocarbons such as 
methylene chloride, chloroform and ethylene chloride, and 
cyclic or linear ethers such as tetrahydrofuran and ethyl ether, 
or a mixed solvent thereof. 

For the purpose of preventing the deterioration of the pho 
toreceptor due to oZone and an oxidiZed gas generated in a 
copier or due to light or heat, additives such as an antioxidant, 
a light stabiliZer and a heat stabiliZer can be added to the 
photosensitive layer. For example, the antioxidant includes 
hindered phenol, hindered amine, paraphenylene diamine, 
aryl alkane, hydroquinone, spirochroman, spiroindanone and 
derivatives thereof, organic sulfur compounds, organic phos 
phorous compounds, etc. Examples of the light stabiliZer 
include derivatives such as benZophenone, benZotriaZole, 
dithiocarbamate and tetramethyl piperidine. 

For the purpose of improvement in sensitivity, reduction in 
residual potential, reduction in fatigue upon repeated use, 
etc., at least one kind of electron receptor can be contained. 
The electron receptor usable in the photoreceptor of the 
invention includes, for example, succinic anhydride, maleic 
anhydride, dibromomaleic anhydride, phthalic anhydride, 
tetrabromophthalic anhydride, tetracyanoethylene, tetracy 
anoquinodimethane, o-dinitrobenZene, m-dinitrobenZene, 
chloranil, dinitroanthraquinone, trinitro?uorenone, picric 
acid, o-nitrobenZoic acid, p-nitrobenZoic acid, phthalic acid 
and compounds represented by the formula (I). Among these 
compounds, ?uorenone- and quinone-based electron recep 
tors and benZene derivatives having electron attractive sub 
stituent groups such as Cl, CN and NO2 are particularly pref 
erable. 
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NoW, the protective layer is described in detail. 
To confer resistance to abrasion, scratch etc. on the surface 

of the photoreceptor, a hi gh-strength protective layer can also 
be formed. This protective layer is preferably a layer Wherein 
electroconductive particles are dispersed in a binder resin, or 
lubricating particles such as ?uorine resin, acryl resin etc. are 
dispersed in an usual charge transport material, or a hard 
coating agent such as silicone and acryl, and from the vieW 
point of strength, electric characteristics and image quality 
maintenance, the protective layer contains preferably resin 
having a crosslinked structure, more preferably a charge 
transport material. As the resin having a crosslinked structure, 
various materials can be used, and in respect of characteris 
tics, phenol resin, urethane resin, siloxane resin etc. are pref 
erable, and particularly a protective layer consisting of silox 
ane-based resin is preferable. Especially, a protective layer 
having a structure derived from a compound represented by 
the formula (I) or (II) is excellent in strength and stability and 
is thus particularly preferable. 

In the formula (I), F is an organic group derived from a 
compound having hole transportability, D is a ?exible sub 
unit, R2 represents hydrogen, an alkyl group or a substituted 
or unsubstituted aryl group, Q represents a hydrolyZable 
group, a is an integer of l to 3, and b is an integer of l to 4. 

The ?exible subunit represented by D in the formula (I) 
contain essentially i(CH2)ni group, Which may be com 
bined With 4COOi, 40*, 4CH:CHi or 4CH:Ni 
group to form a divalent linear group. In the i(CH2)ni 
group, n is an integer of l to 5. The hydrolyZable group 
represented by Q represents ‘OR group Wherein R repre 
sents an alkyl group. 

In the formula (II), F is an organic group derived from a 
compound having hole transportability, R1 is an alkylene 
group, Z is 40*, iSi, iNHi or 4COOi, and m is an 
integer of l to 4. X represents iOi or iSi, and n is 
integer of 0 or 1. 

The compound represented by the formula (I) or (II) is 
more preferably a compound Wherein the organic group F is 
represented particularly by the folloWing formula (III): 

(III) 

In the formula (III), Arl to Ar4 independently represent a 
substituted or unsubstituted aryl group, Ar5 represents a sub 
stituted or unsubstituted aryl or arylene group and simulta 
neously tWo to four of Arl to Ar5 have a linking bond repre 
sented by -D-Si(R2)(3_a)Qa in the formula (I) andk is 0 or 1. D 
is a ?exible subunit, R2 represents hydrogen, an alkyl group or 
a substituted or unsubstituted aryl group, Q represents a 
hydrolyZable group, and a is an integer of l to 3. 

In the formula (III), Arl to Ar4 independently represent a 
substituted or unsubstituted aryl group, and are speci?cally 
preferably groups represented by the folloWing structure 
group 1: 
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Structure Group I 
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Ar shoWn in the structure group 1 is selected preferably 
from the folloWing structure group 2, and Z' is selected pref 
erably from the folloWing structure group 3. 

Structure Group 2 

@ // \ \—< ’ (R10), (R11), — / (R11), 
Structure Group 3 

In the structure groups 1 to 3, R6 is selected from hydrogen, 
a C1 to C4 alkyl group, a phenyl group substituted With a C1 
to C4 alkyl group or a C1 to C4 alkoxy group, an unsubsti 
tuted phenyl group, or a C7 to C10 aralkyl group. 

Each of R7 to R13 is selected from hydrogen, a C1 to C4 
alkyl group, a C1 to C4 alkoxy group, a phenyl group substi 
tuted With a C1 to C4 alkoxy group, an unsubstituted phenyl 
group, a C7 to C10 aralkyl group, or halogen. 

m and s each represent 0 or 1, q and r each represent an 
integer of l to 10, and t represents an integer of l to 3. X 
represents a group represented by -D-Si(R2)(3_a)Qa in the 
formula (I). 
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W shown in the structure group 3 is represented preferably 
by the following structure group 4. In the structure group 4, s' 
is an integer of 0 to 3. 

Structure Group 4 5 

36 
The speci?c structure ofAr5 in the formula (III), When kIO, 

includes the structure of Ar 1 to Ar4 Wherein m:l shoWn in the 

structure group 1, or When kIl, includes the structure of Arl 
to Ar4 Wherein m:0 in the structure group 1. 

Speci?c examples of the compounds represented by the 
formula (III) include compounds (Ill-l) to (Ill-61) shoWn in 
Tables 1 to 7 beloW, but the compounds represented by the 
formula (III) used in the invention are not limited thereto. 

In the structural formulae shoWn in the items “Arl” to “Ars” 
in Tables 1 to 7, the benZene ring-bound “is group” refers to 
a monovalent group (group corresponding to the structure 

represented by -D-Si(R2)(3_a)Qa in the formula (1)) shoWn in 
the item “S” in Tables 1 to 7. 

No. Arl A12 Ar3 Ar4 
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